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THE OXIGEN CONSUMPTION OF NORMAL RAT LIVER SLICES 
IN SERUM VND IN LYMPH TAKEN FROM THE LEGS 
BEFORE AND AFTER SEVERE BURNS 

J'iTTE MUUS AND ESTHER HARDENBERGH 

(F rom the Department of Physwlogy, Uanard School of Public Health, Boston, and the 
Department of Physiology, Mount Holyoke College, South Hadley) 

(Rccci\cd for publication, October 4, 1043) 

The folloising expenmen ts nerc earned out as part of an mxestigation 
on bums ulnch is in progress at the Harvard School of Public Health (1-3) 
The toxic theorv' of burns, although m disfavor at present, has never 
been conclusively disproved and there is still much evidence to support it 
It was decided to attempt to find some entenon for the toxicity of the 
exudate from burned regions Friend and Hastings (4) had suggested 
that the oxjgen consumption of tissue slices suspended m serum nught 
be sensitiv e to toxic substances present in the serum A senes of expen- 
ments was therefore done companng tJie oxygen consumption of lat hv'er 
slices suspended m Ij mph or serum from normal calves wnth that of slices 
from the same hv or in l3'’mph or seram collected some time after burning 
We are not aw are of any similar studies on bums Beecher and Craig 
(5) studied the oxvgen consumption of tissues from animals m shock due 
to hemorrhage and found it not significantly different from normal Their 
purpose was to demonstrate possible changes in the metabohzing tissue, 
while ours is to demonstrate changes in metabolism due to changes in the 
medium If such changes were the result of the release of substances 
from the injured tissue, it would seem that the Ijunph collected from the 
burned area w ould be the best place to demonstrate their presence 

In our opmion, the results do not indicate the presence of a “toxic” 
substance in the above sense We were inclined to expect the effect, if 
anj , to be a decrease in metabolism Actually a higher ox^^gen con- 
sumption was observed when Ijonph collected after burning served as a 
medium than when normal lymph was used An attempt to obtain some 
information about the nature of the substance or substances responsible 
for this increase in metabohsm was possible only in the last three experi- 
ments In the earlier expenments most of the lymph was used for analy- 
ses of some of the nitrogenous constituents (2) and for electrophoretic 
studies (3) 

EXPERIMENTAn 

Calves w eighing betw een 125 and 200 pounds were used A smgle ex- 
penment on a dog is also included All animals w ere kept under complete 
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1 M phosphonc ncid, mcic subjected lo continuous extraction for 3 hours 
Muth 40 cc of pero\nde-frcc ether, the ether being refluxed and made to flow 
through the solution The ether Mas c\aporated in a stream of nitrogen, 
and the extract dissoh cd in 5 cc of Ringcr-phosphate solution and neu- 
tralized Math sodium hjdroxide to pH 7 4 The extracted solution Mas 
neutralized Mith cohd calcium carbonate, the carbon dioxide removed Math 
nitrogen, and the calcium phosphate centnfuged off 

Mcrcunc acetate precipitation Mas earned out on samples of the same 
ultrafiltrates bj adding 1 cc of 20 per cent mercunc acetate to 5 cc of 
ultrafiltrate The precipitate Mas separated by centnfugation, Mashed 
Math Mater, and suspended in 4 5 cc of Ringer-phosphate solution The 
mcrcurj Mas remoacd Math hjdrogcn sulfide, the hydrogen sulfide Math a 
stream of nitrogen, and the mercunc sulfide filtrate Mas adjusted to pH 7 4 
Math sodium h 3 droxide The supernatant Mas treated m the same M^ay, 
it M as roughh 0 13 m Math respect to acetate and the volume m as increased 
from 5 to 7 cc 


Result of Experiments vnth Lymph and Serum 

The results are summanzed in Table I In six out of mne experiments 
the rat liver slices shoM a higher oxygen consumption m the lymph taken 
some time after the burn than in the normal lymph, and this difference is 
defimtelj outside the experimental error In three ex-penments the increase 
IS not in itself significant, but the fact that the Qo, m the lymph after the 
bum is in no case beloM normal lends further support to the findmgs 
m the other expenments The experiments on Calves 10 and 13 show that 
the effect increases Math time TMiether the effect might dimmish later 
was not determined Calf 9 m as the only animal kept under observation 
for more than 22 hours and m this case the effect was so small that measure- 
ments Mere discontinued 

The results Math semm are a httle less consistent but here, too, the 
tendency is towards a higher oxygen consumption m the serum taken 
after the bum The experiment on Calf 13 shows the vanations found 
when hvers from different rats w ere used with the same sera The effects 
observed with three hvers are very similar and indicate that the vanations 
m the responses found wath different ammals were not due to differences 
in the rat hvers 

In order to be certain that the increase m oxygen consumption caused 
by lymph from burned regions in calves was not a species phenomenon but 
was found m the exudate from bums in other mammals, a dog was anesthe- 
tized with nembutal, just as in the case of the calves, and all the lymph 
from the hind legs was collected by mtroducmg a cannula into a smgle 
large vessel at the lower end of the receptaculum chjdi This is an p'- 
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THE OXIGEN CONSUMPTION OF NORMAL RAT LIVER SLICES 
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(F rom the Department of Phjswlogy, Ilanard School of Public Health, Boston, and the 
Department of Physiology, iVounl Holyohe College, South Hadley) 

(Rccci\cd for publication, October 4, 1943) 

The folloising experiments were earned out as part of an m\estigation 
on bums ulnch is m progress at the Harvard School of Public Health (1-3) 
The toxic theorv' of burns, although m disfavor at present, has never 
been conclusively disproved and there is still much evidence to support it 
It was decided to attempt to find some entenon for the toxicity of the 
exudate from burned regions Friend and Hastings (4) had suggested 
that the oxjgen consumption of tissue slices suspended m serum might 
be sensitiv e to toxic substances present in the serum A senes of expen- 
ments was therefore done companng the oxygen consumption of lat hv'er 
slices suspended m Ij mph or serum from normal calves with that of slices 
from the same hv er in Ij'mph or serara collected some time after burning 
We are not aw are of any similar studies on bums Beecher and Craig 
(5) studied the oxvgen consumption of tissues from animals m shock due 
to hemorrhage and found it not significantly different from normal Their 
purpose was to demonstrate possible changes in the metabohzing tissue, 
w hile ours is to demonstrate changes in metabohsm due to changes in the 
medium If such changes were the result of the release of substances 
from the injured tissue, it would seem that the lymph collected from the 
burned area w ould be the best place to demonstrate their presence 

In our opmion, the results do not indicate the presence of a “toxic” 
substance in the above sense We were mclined to expect the effect, if 
anj, to be a decrease in metabolism Actually a higher oxygen con- 
sumption was observed when Kunph collected after burning served as a 
medium than when normal lymph was used An attempt to obtain some 
information about the nature of the substance or substances responsible 
for this increase in metabohsm was possible only in the last three experi- 
ments In the earlier expenments most of the lymph was used for analy- 
ses of some of the nitrogenous constituents (2) and for electrophoretic 
studies (3) 

EXPEEIMENTAn 

Calves w eighing betw een 125 and 200 pounds were used A smgle ex- 
penment on a dog is also included All animals w ere kept under complete 
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o> consumption op liver slices 


anesthesia with nembutal, and those which did not die from the bums 
were sacrificed at the end of the e\-penment Details of the general pro- 
cedure for lymph collection from calves, length and method of burmng, etc , 
have been pubhshed elsenhere ( 2 ) To facilitate comparison mth other 
observations on the same ammals, the calves are numbered as in preiious 
publications (2, 3) In all cases lymph was collected from both front legs 
wnthout anticoagulant for some hours, then one leg w'as burned by immer- 
sion m boilmg w ater for 3 to 32 minutes ’ lj3^ph collection n as continued 
over a period of from 10 to 22 hours Blood was dranm from the jugular 
vein just before the bum and at the end of the expenment Calf 10 died 
before a final blood sample was secured 

The oxygen consumption was measured by the direct Warburg technique 
The serum and lymph were freed from carbon dioxide b 3 ’^ the method of 
Fnend and Hastings (4) The pH was adjusted to between 7 2 and 7 4, 
the tw'o samples to be compared not diffenng more than 0 1 pH, and the 
pH was again checked at the end of the axpenment 2 cc samples and 
0 1 cc of 4 per cent glucose n ere placed m each of the vessels of the Erlen- 
meyer tjqie Slices of hver from healthy, veil fed rats were then mtro- 
duced into the vessels after first hemg washed in ibnger-phosphate solu- 
tion (6) The determmations were made in duphcate A vessel con- 
tainmg the serum or Ijunph mthout added tissue n as set up simultaneously 
to exclude the possibihty that bacterial contaiiunation nas responsible 
for part of the oxygen consumption The temperature of the bath n as 37° 

The amount of lymph that could be secured dunng an expenment was 
so small that, even m the experiments m w hich all the Ijmph w as available 
and the effect produced w as large enough to warrant fractionations, meth- 
ods had to be such that they could be emploj ed on a small scale This was 
especially true of the normal lymph, which had to be carried through the 
same procedures as the control The prehimnary period of collectmg v as 
3 to 4 hours and it w as inadvisable to extend it much, particularly because 
of the danger of coagulation m the Ijmph vessel when no anticoagulant 
was used 

Ultrafiltrates were made from the Ijmph after the carbon dioxide had 
been removed and the pH adjusted to 7 4 VisLing tubing and an ultrafil- 
tration tube sunilar to that descnbed by Coohdge (7) were used The 
ultrafiltrates w'ere always more alkalme, and acid was added to adjust the 
pH to 7 4 

In the last expenment 5 cc of ultrafiltrate, made acid with 1 cc of 

1 In most cases, for reasons not connected mth this paper, one more burn (some- 
times two) was inflicted elsewhere from 1 to 4 hours later This apparently had no 
effect on the results with lymph from the leg first burned, but might influence the 
results with serum 
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1 M phosphonc ncid, mcic subjected lo continuous extraction for 3 hours 
Muth 40 cc of pero\nde-frcc ether, the ether being refluxed and made to flow 
through the solution The ether was c%aporated in a stream of nitrogen, 
and the extract dissoh cd in 5 cc of Ringcr-phosphate solution and neu- 
tralized Math sodium hjdroxide to pH 7 4 The extracted solution Mas 
neutralized Mith cohd calcium carbonate, the carbon dioxide removed Math 
nitrogen, and the calcium phosphate centnfuged off 

Mcrcunc acetate precipitation Mas earned out on samples of the same 
ultrafiltrates bj adding 1 cc of 20 per cent mercunc acetate to 5 cc of 
ultrafiltrate The precipitate Mas separated by centnfugation, Mashed 
Math Mater, and suspended in 4 5 cc of Ringer-phosphate solution The 
mcrcurj Mas remoacd Math hjdrogcn sulfide, the hydrogen sulfide Math a 
stream of nitrogen, and the mercunc sulfide filtrate Mas adjusted to pH 7 4 
Math sodium h3droxide The supernatant Mas treated m the same M^ay, 
it M as roughh 0 13 m Math respect to acetate and the volume m as increased 
from 5 to 7 cc 


Result of Expenments vnth Lymph and Serum 

The results are summanzed in Table I In six out of mne expenments 
the rat h\er slices shoM a higher oxygen consumption m the lymph taken 
some time after the burn than in the normal lymph, and this difference is 
defimtelj outside the experimental error In three ex-penments the increase 
is not m itself significant, but the fact that the Qo, m the lymph after the 
bum is in no case beloM normal lends further support to the findmgs 
m the other expenments The experiments on Calves 10 and 13 shoM that 
the effect increases Math time WTiether the effect might dimmish later 
was not determined Calf 9 m as the only animal kept under observation 
for more than 22 hours and m this case the effect was so small that measure- 
ments Mere discontinued 

The results Math semm are a httle less consistent but here, too, the 
tendency is toMards a higher oxygen consumption m the serum taken 
after the bum The experiment on Calf 13 shoMS the vanations found 
M'hen hvers from different rats m ere used with the same sera The effects 
observed avith three hvers are very similar and indicate that the vanations 
m the responses found Math different ammals were not due to differences 
in the rat hvers 

In order to be certain that the increase in oxygen consumption caused 
by lymph from burned regions in calves was not a species phenomenon but 
was found m the exudate from bums in other mammals, a dog was anesthe- 
tized with nembutal, just as in the case of the calves, and all the lymph 
from the hind legs was collected by introducmg a cannula into a smgle 
large vessel at the loMer end of the receptaculum chjdi This is an p'- 
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tremelj' satisfactory method of preparation and gives a copious flow of 
lymph when the legs are kept in passive motion by attachment to a motor- 


Table I 

Oxygen Consumption of Rat Inver Slices in Serum and Lymph from Calves before 
and after Burns 


Calf 

Time after 
burn 

Time oxygen 
consumption 
was determined 

Oo, lymph 


Oft 

serum 


No 

Normal 

After bum 


Normal 

After 

bum 

ence 


hrs 


c mm Per 
mg per hr 

c mm per 
mg per hr 

per cent 

c mm 
per mg 
per hr 

c mm 
per mg 
Per hr 

per cent 

1 

111-16} 


12 5 

16 7 

+34 






2nd “ 

11 9 

16 6 

+40 




2 

14 -18 

1st “ 

16 7 

19 7 

+25 






2nd “ 

14 9 


+34 





18 





9 6 

13 1 

+36 

5 

8 -10 

1st “ 

10 8 

11 2 

+4 






2nd “ 

10 8 

10 8 

0 




1 

10 

1st “ 









2nd “ 








10 

1st “ 




mSWm 

BISS 


6 

13 -17 

1st " 

10 2 

12 7 

+25 






2nd “ 

8 2 

' 10 8 

+31 





13 -17* 

1st " 

(10 0) 

(10 5) 

(+5) 






2nd “ 

(8 2) 

(9 2) 

(+12) 




7 

111-16} 

1st “ 

13 5 

13 9 

+3 




9 

6-8 

1st “ 

10 7 

11 7 

+9 





18 -22 

1st “ 

13 9 

14 9 

+7 

14 3 

13 9 

-3 

10 

} 

1st “ 

9 1 

{.n 

+3 





8 -12 

1st " 

+22 





4-6 

1st “ 

8 7 

fio 1 

+16 





8 -14 

1st “ 

\12 3 

+41 




12 

12 

1st “ 




13 1 

13 5 

+3 


9 -12 

1st “ 

10 0 

J 

rn 4 

+14 





15 -17 

1st “ 

1 

111 9 

+19 




13 

4-6 

1st “ 


1 

[10 0 

+15 





6-8 

1st “ 

8 7 

1 

11 0 

+26 





17 -21 

1st “ 



[12 1 

+41 





22 

1st “ 




8 9 

9 9 

+11 


22 

1st " 




11 6 

12 3 

+6 


22 

1st “ 




9 7 

10 8 

+11 


Braces indicate that the determinations were made simultaneously on the same 
liver This is also indicated for the determinations on Jymph and serum when the 
results are on the same line 

• The second experiment n as done on the same samples as the first but both were 
diluted 1 4 with Ringer-phosphate solution 

dnven crank just as was done m the expenments upon calves After a 
sufiicient amount of lymph was collected, the animal was burned under 
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nncsthesm bj immersion of the legs and tail m nater at 100° for 1 mmute 
Tins amount of time results in a more sc\erc burn m the dog than does 
the longer period with the calves Tlic dog survived for 4 hours and the 
hmipli collected from the burned region during the last hour was even more 
potent than cilf Ijmph obtained in a similar way in augmenting oxygen 
utilization c mm per mg per hour, normal lymph 6 6, lymph after 

burning 10 1, increase 53 per cent ) 

In a control expenment on a calf hept under nembutal anesthesia for 
24 hours and treated exactl} as were the other animals except that the 
bum was omitted, the following xalues for the Qo, were found m lymph 
taken dunng the first 4 hours 9 7c mm per mg per hour, m lymph taken 
dunng the last 4 hours 9 8c mm per mg per hour 

Another possible source of error was realized after the experiment on 
Calf 11 Blood pressure was measured mtemuttently durmg the expen- 
ment from the carotid arter}’’ which was connected wath a manometer 
through a tube filled wath 10 per cent sodium citrate Citrate added to 
the medium is knowai to cause a slight increase in the oxygen consumption 
of rat hxer slices (8) In the last two experiments hepann was therefore 
used to prevent coagulation m the tube The results show that citrate 
which might inadvertently have entered the circulation xvas not responsible 
for the effect A direct expenment on the serum before and after the 
mjection of a dose of citrate much larger than the amount w'hich could 
possibly have leaked back into the animal dunng the course of the expen- 
ment was negative 

The ax'^erage Qo, m normal lymph is 11^ c mm per mg per hour, m 
normal serum it is 114c mm per mg per hour This is higher than the 
Qoj usually found when Rmger-phosphate solution is used as the medium, 
an average Qoj of 9 5 c mm per mg per hour w'as found by the same expen- 
menter in a similar senes (6) It is somewhat low^er than the results re- 
ported bj" Fnend and Hastmgs (4) x\ho found an average of 12 5 c mm 
per mg per hour for rat liver shces m normal human serum Dickens 
and Simer (9) found less of a difference between serum and Ringer’s 
solution Canzanelh, Rogers, Dwyer, and Rapport (10) found that the 
Qoi for gumea pig liver m horse serum was more than twice as great as m 
“NaCl-S6rensen-PO<” solution These results are not quite comparable 
with ours, since the species and the medium were not the same 

DISCUSSION 

Manj different substances are known to mcrease the Qoi of i^t hxer 
slices m Ringer-phosphate solution when no other substrate is present 
Some experiments have been reported on the effect of the addition of other 
substrates when there is already an ample supply of glucose Often the 
effect is more pronounced xvhen the liver of a fasted rat is used (see e g 
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(8, 11, 12)) Since the addition of glucose to the medium m virhich normal 
hver shces are respmng has very httle effect on the oxygen consumption, 
it can probably be assumed that substrates "which mcrease the metabohsm 
of normal liver slices "would have the same effect "whether or not glucose 
is present 

As already pointed out, normal serum and lymph contain some sub- 
stances "u hich mcrease the oxygen consumption of liver shces Canzanelh 
et al (10) found that in normal serum most, if not all, of the mcrease 
was due to substances present m the ultrafiltrate Table II shons that the 
same is true for both normal lymph and lymph after burning, which means 


Table II 

Qot of Ral Liver Slices in Lymph after Different Treatments 


Calf 

No 

Tune 
after | 
burn 


Oo, 

Nonnal 

lymph 

Lymph 
after bum 

Ringer s 
solution 





e mm ^ 

c mm 

c mm 


irj 



per mg 1 

per ns 

Per mg 





per hf 1 

pm hr ' 

Per hr 

11 

8-14 

Ultrafiltrate from 


13 2 

19 4 


1 


lymph 





13 1 

17-21 1 

Ultrafiltrate from 


9 6 

10 9 

5 8 

1 

1 

lymph 




I 



Ultrafiltrate after ether 

Extract 

f 8 5 

8 5 

6 4 



extraction 

Residue 

\ 7 6 

8 8 




. Ultrafiltrate after pptn 

Ppt 

19 2 

11 1 

8 3 



with mercuric acetate 

Supernatant 

111 2 

13 9 

11 1 



Whole lymph, liver 

No glucose 

17 2 

8 8 

8 1 



from fasted rat 

[ 

With glucose 

1 

1 7 1 

1 

9 9 

8 2 

1 


Each act of results enclosed in a brace "was obtained simultaneously on liver 
slices from a single animal 


that not only the substance from normal lymph but also that piesent in 
the lymph from the burned leg is ultrafiltrable 

In order to decide whether the mcrease observed after burning is due 
to an mcrease m the amount of substances already present or to the release 
of some substances not normally present m the circulation, it ivill be neces- 
sary to effect at least partial separation of these substances The very 
extensive literature on tissue metabolism offers very httle help m de"vising 
methods of separation, because such a large vanety of compounds has 
been found to mfiuence the metabohsm Therefore, m a first attempt to 
concentrate the active matenal, reagents which would remove a large 
number of organic compounds were used The scarcity of available 
matenal senously limited the choice of methods Furthermore it ivas de- 
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sirable to use rengents tint could be removed in such a way that both the 
matcml isolated from the ultrardtrate and the residue could be tested 
for their cITcct on h\er slices 

Ether e\tnc(ion ms first tried The procedure is given in the expen- 
mental part and the results in Table II Both this and the followmg 
are single expenments and, therefore, should not be given too much weight 
Apparcntlj most of the substances responsible for the difference between 
o\jgcn con<;umpfion m normal hanph and in Rmger-phosphate solution 
are extracted b> ether from acid solution The effect of the ether extract 
from Ijaiiph after burmng is the same as that of the ether extract from 
normal Ijmph The difference between the oxygen consumption in ultra- 
filtrate from Ijmph before and after burning is still present m the residues 
after the ethcr-soIuble substances have been removed, t e , the active 
matenal released after burmng cannot be extracted wath ether under these 
conditions, while most of the actixe matenal normally present can be 
extracted 

jMercunc acetate was used next because of the large vanety of biological 
matenals precipitated bj mercurj The results, recorded in Table II, 
are not as clear cut as those in the previous ex-penment and might mdicate 
the presence of sex eral actix e substances The Rmger-phosphate solution 
m this expenment w as subjected to the same treatment as the ultrafiltrate 
and the high x'alues for Qq in the supernatant flmds are probably due to 
the high concentration of acetate (0 13 m) (12) 

The ex-penment in w hich the hx'er from a fasted rat with and without 
added glucose is employed points to the presence of an activator rather 
than a substrate Even without added glucose the concentration at the 
end of the experiment was 0 005 m glucose, with addition it was 0 015 m 
I t seems unhkely that a substrate should hax-e more of an effect when the 
concentration of glucose is increased 

The last experiment mciden tally showed that the active matenal is qmte 
stable The lymph was stenhzed by filtration through a Seitz filter 
shortly after it was collected and xvas then stored m an ordmary refngerator 
After 1 week, the time elapsed between this experiment and the first (see 
Table I), there was no detectable decrease m the activity The first 
experiment showed 41 per cent increase, the last, with glucose, 39per cent 
mcrease 

The findmg of a substance in lymph from severe bums which increases 
oxygen consumption of rat hver slices, together xvith the few mdications 
we have gained as to the nature of the compounds mvolved, tempts one 
toward attractive senes of generahzations relative to mflammation It 
IS, how'ever, our feelmg that w^hile the facts we have reported are qmte 
definite other expenments should be done before they are given general 
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biological significance Expenments on the effect of lymph from burned 
areas on muscle metabohsm are now being undertaken 

SUMMARX 

Lymph was collected from the legs of calves under nembutal anesthesia 
before and after bummg by immersion m boihng vatef for 3 to 3^ mmutes 
as previously descnbed 

The oxygen consumption of rat hver slices was measiued with the l 3 rmph 
as the medium It was found that lymph coming from a burned area 
contained some substance or substances which caused an mcrease in the 
Qoi The effect increased with time The Qo, in bmph after burmng w as 
as much as 41 per cent higher than that in normal lymph 
Less consistent results were obtamed with serum collected before and 
after burmng, but here too the tendency was tow aids a higher oxygen 
consumption m the serum after burning 
A similar expenment on the lymph from a dog show ed even more of an 
increase in the Qo* than did the expenments on calves 
The matenal which caused the increase in oxygen consumption was 
found to be present m the ultrafiltrate from the lymph after burmng 
A few attempts to concentrate the active matenal are recorded 

It is a pleasure to express our thanks to Dr Cecil K Drinker for making 
possible this w'ork and for extendmg the hospitahty of his laboratory 
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THE I^IANNER OF INACTIVATION OF THIAMINE BY 
FISH TISSUE 

L O KIUMPITZ D W WOOLLEY* 

(From the Laborotones oj The lioekefellcr Institute for Medical Research, New York) 

(necci\ed for publicntion, October 20, 19-J3) 

After the disco\ei:3 bj Green, Carlson, and E\'ans (1) that a disease of 
foxes caused by feeding raw carp could be prevented or cured by thiamine, 
and the demonstration in this laboratory (2) and elseuhere (3) that carp 
contamed a heat -labile substance which would macti\ate thiamme tn 
Vitro, it was of mtercst to determine m what manner this destruction was 
accomplished It was desired to learn m particular whether thiamme 
was mactiiated bj combination with a specific protem m a manner similar 
to the mactn ation of biotm b}' antibiotm (axudm) (4, 5), or whether it was 
destroj ed bj' enzjTmc action The combmation hjyiothesis was not easy 
to disprove, for, although the reaction was not instantaneous (2, 3), it was 
conceuable that combmation might proceed slowly Several characteris- 
tics of enzymic action other than finite speed (such as heat mactiv ation) 
could also be charactenstics of the stoichiometnc combmation reaction 
Nei ertheless, Sealock et al (6) have presented endence based on kmetic 
studies m support of the enzjme hypothesis 

The enzymic nature of the mactivation of thiamme b} carp tissue was 
proved by demonstration of fragments produced from thiamme by the 
action of the tissue These products have been identified as 4-meth3d-5- 
hydroxyethylthiazole and 2-methyl-4-ammo-5-h3 droxjmethylpynmidme 
Thus the over-all reaction was a hydrolytic cleavage of the vitamm between 
the pynmidme and thiazole nngs 

The demonstration of the products of reaction was first accomplished 
microbiologicaUy Although NaCl extracts of carp \TScera completely 
destroyed thiamme, as measured by animal assaj’' or bj’- chemical determma- 
tion (1-3), they did not cause any loss of potency of thiamme when the assay 
was made mth Mucor ramanmanus, a mold which required thiamme or 
merely its thiazole portion’ for growth (7) Furthermore, dialysates of a 
reaction mixture of thiamme and fish extract, m which all thiamme had 

* With the technical assistance of A G C VTiite 

’ Throughout this paper, the "thiazole portion" of thiamine refers to 4-methyl-5- 
hydroxyethylthiazole, and the “pynmidme portion” refers to 2-meth>l-4-amino-5- 
hydroxymethylpynmidine We wish to thank Dr J C Keresztesj and Dr R T 
Major, of Merck and Companj , Inc , for gifts of several thiazoles and pj nmidines 
used in this investigation 
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been destroyed, i\ere as potent as the original thiamine iihen tested with 
this mold These facts indicated that 4-methyI-5-hydro\yethylthmzole 
was a product of the reaction This was confirmed by isolation and char- 
acterization of the pure thiazole from the reaction mixture When thi- 
amine-fiee reaction mixtures obtained from carp extract and thiamme 
were tested with Endomyces vernahs, a yeast which required thiamme or 
merely its pjTimidine portion for growth (2, 8), it was found that only a 
small fraction of the activitj'’ of the original thiamine remamed How ever, 
when similar reaction mixtures obtained by the use of carp (issue, rather 
than caip extract, were assaj^ed b 3 '' this method, all the activity of the 
onginal xutamin was found present From such reaction mixtures, 
2-meth3 l-4-amino-5-h3 droxj'methylpj'rimidme was isolated and char- 
acterized 

The difference in action of carp tissue and of XaCl extracts of the tissue, 
leferred to above, indicated that a senes of reactions max have been in- 
volved The primal^ reaction would be the liberation of the thiazole 
portion of the vitanun and the formation of a pynmidme derivative which 
xvas only shghtly active for Endomyces Then a substance present m the 
tissue, but almost absent from the NaCl extract, w ould convert this inter- 
■ediate to 2 -moth 3 1-4-ammo-5 b 3 'dro\ 3 'methvlp 3 'nmidine There were 
i(tltemative explanations of the obsen ed difference, but support w'as lent to 
the present li 3 pothesis bv the observations that vaiious batches of extract 
of equal thiamme destrox mg potency produced x arx’mg amounts of the 
P 3 mmidme active for Endomyces, and that thiamine-free mixtures of NaCl 
extracts and thiamine slowl 3 increased m potency for Endomyces when 
they stood for long periods Finally, tieatment of the leaction mixture of 
extract and vitamin with alkali brought about full restoration of activity 
for Endomyces 4-Meth3d-5-hydroxyetliv]thiazole was isolated from the 
reaction mixture of carp tissue and thiamme, as W'cll as from the reaction 
mixture obtamed wath the extract, hence, the free thiazole was produced m 
the primary reaction 

The thiamme destroying activit 3 ’' of NaCl extracts of carp tissue resided 
in two fractions, one dial 3 zable and the other non-dialyzable Either 
fraction alone had some slight activity against thiamme, but the two to- 
gether XX ere necessars^ for full activity Certam other characteristics of the 
reaction supplementmg those recently reported by Sealock et al (6) xvill be 
descnbed in the experimental part 

EXPEHIMBNTAIi 

Chemical Method — senes of centnfuge tubes, each containmg 50 y 
of thiamme, enough w ater to make 20 cc , and a suitable dilution of sus- 
pensions or extracts of carp viscera, was incubated for 1 hour at 25° 
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The solutions were then acidified to pH 2 to 3 and treated with Super 
Filtrol Thiamine was then determmed in the Super Filtrol adsorbates, 
according to Emmett cl a! (9) Tic latter method w as modified to mclude 
extraction of the colored dcn\ ati\c with xjdene Subtraction of the num- 
ber of micrograms of thiamine found from 50 ga^ e the amount destro3'ed 
bj the preparation V cune was constructed which related the thiamme 
destroyed to the quantity of fish preparation used, and the amount of 
preparation which destrojed 25 y of thiamine was determmed This 
amount was said to contain 1 unit of actnitj 

Endomyccs Method — H'ter the reaction of thiamine wath the fish prepara- 
tion, the matenal was assaxed accordmg to directions gi%en prenousl}' 
( 2 , 8 ) 

Miicor Method — The assaj was conducted in the same waj as with 
Bndomyccs (2, S), except that the inoculum was a suspension of spores 
washed from a culture of Mucor ramanmanus grown on an agar slant 
The culture for the moculum was grown for a month on 5 cc of the basal 
medium solidified with agar 5 cc of spore suspension were obtamed from 
5 cc of sohd medium The spores were washed three times with stenle 
water The inoculated flasks were meubated for 10 dajs at 25° and then 
the mjeehum m each was filtered off, washed, dned, and weighed The 
weights so obtamed from flasks containmg known amounts of thiamme 
were used to construct a standard cune, and the x alues of the unknowns 
were estimated m the usual manner 

Unless otherwise stated, all determmations of thiamme were performed 
accordmg to the chemical method 

Preparation of Carp Extract — Smee it was shown prexioush (2, 3, 6) 
that most of the thiamme-destrojing actmtj' was m the x iscera, this source 
was used m preference to the w hole fish The xiscera were remox ed imme- 
diately after the fish were killed and were used at once 1 gm of xiscera 
destroyed about 1 mg of thiamme m 1 hour, but did not destrox appre- 
ciably more during 24 hours of mcubation 

The xiscera w ere ground with 2 xnlumes of a 10 per cent solution of NaCl 
m a Warmg blendor and the suspension xxas allowed to stand oxemight at 
4° It was then filtered through a pad of Eilter-Cel This operation was 
slow and hence was earned out in a cold room The clear extract was then 
assayed and stored at 4° The preparation xvas stable for at least a month 
The thiamme-destroymg potencj' of graded amounts of such an extract is 
shoxvn m Table I 

Effect of Temperature, pH, and Time of Incuhatton — ^The amount of 
thiamme destroyed was increased as the temperature was raised from 0° 
to 37°, but the temperature coefficient oxer the range xxas small (Table II) 
Likewise, the amount of thiamme destroj^ed was mfluenced but httle by 
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changes in pH oi er the range 1 to 8 (Table II) The amount destrojed 
i\ as increased slightly as the pH v as raised It i\ as shown that part of the 
lowered actmtj at pH 1 was due to the instabihtj of the enzyme at that 
pH The pH range aboi e S coufd not be ini estigated because of the msta- 
bilitj of thiamme in alkaline solution 
Tlie amount of thiamine destrojed bv a given amount of carp extract 
increased regularlj wath the time of reaction for approximately the first 


Table I 

Destruction of Thiamine by Varying Amounts of Carp Extract 
Each reaction mixture contained onginallj 50 7 of thiamine 


Carp extract 

Thiamme destroyed 

ec 

7 

0 

0 

0 05 

G 

0 1 

16 

0 3 

23 

0 5 

32 

1 0 

60 


Table II 

Effect of Temperature, pH, and Time on Destruction of Thiamine by Carp Extract 


Each reaction mixture contained originallj 50 v of thiamine 


Effect of temperature 

Effect of pH 

Rate of destruction 

Temperatttre 

Thiamine 
destroyed 1 

pH 

Thiamme 1 
deslro>ed 

Time of reaction 

Thiamme 

destro>ed 

•c 

7 


7 


7 

0 

21 

1 

12 

0 

12 

25 

25 

4 4 

23 

5 

24 

30 

27 

5 

27 

15 

30 

37 

33 

G 

38 

30 

32 



7 

47 

60 

32 



s 

50 

120 

32 


quarter hour Following tlus, no more of the utamin was destroyed 
Data to illustrate this point are shown m Table II The same cessation 
of the reaction after about the 1 st hour w as likewise obsen'ed when sus- 
pensions of catp iiscera w ere used in place of the extract This phenome- 
non w as not explainable by the inhibitory effect of the products of reaction, 
for although these products did inhibit the reaction the effect was not 
marked Tlius, when an extract which would destroy 46 7 of thiamme m 1 
hour was meubated with 400 7 of either of the reaction products (ic, 
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2 -methjl-l-imino- 5 -ctho\jmethjlp 3 nmidmo and 4-mcthyl 5-hydro\y- 
ethj Ithnrolc) or tlie two togothci for 1 hour, it was found subsequently to 
dcstroj 41 7 of (limmme in 1 hour 

Dmonslrahoti of Enzymic Yaturc of Reaction by Recognition of Reaction 
Products — Tlic formation of a diah zable fragment of the thiamine molecule 
during the reaction was demonstrated m the following manner IG cc 
of carp extract were allowed to react with 500 7 of thiamine for 1 hour 
The absence of thiamine m the reaction mixture was demonstrated by the 
chemical assax, but no loss of thiamine was detected by the Mticor test 
The reaction mixture w as then diaU zed against 100 cc of w ater for 20 hours 


Table III 

Thtammc-Dcstroyxng Potency of Pracltons of Carp Extract 


Carp extract j 

Amount U5«J* 

Thiamme destroyedf 


cc 

r 

Extract 

1 

50 


0 5 

32 

Non-dialyzable portion of extract 

2 0 

22 


1 0 

18 


0 5 

12 

Dialj sate of extract 

2 0 

6 


1 0 

5 


0 5 

3 

Dialysate -f non-dialyzable portion of 

2 0 -b 2 0 

47 

extract 

10 + 10 

46 


0 5 + 05 

30 

Boiled extract 

1 0 

2 

Non-dialj cable portion -f- boiled extract 

10+10 

i ^ 


10 + 06 

31 

1 


* The volumes of the non-dialyzable portion and the dialysate were adjusted to 
correspond with the original volume of the carp extract 

t Each reaction mixture contained originally 50 7 of thiamine 


The dialysate was then analyzed by the Mucor method, and found to con- 
tain 90 per cent of the thiamine activity started with It was subse- 
quently shown bj”^ isolation and characterization that the ilfticor-active 
substance formed was 4 -meth}l- 5 -hydroxj'^ethylthiazole (see below) 
Parhtion of Enzyme by Dialysis — Carp extract, which would destroy 64 7 
of thianune per cc of extract undei the test conditions, was dialj'zed agamst 
eight changes of distilled water, and the dialyzable and non-dialyzable 
fractions were tested for thiamine destroymg po^^ency The results are 
showTi in Table III It can be seen that either fraction alone had shght 
actnity agamst thiamme, but that, when the tw'o were combmed, the 
original activity of the extract was regamed Exhaustwe dialjsis of carp 
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extracts against running water for 48 hours did not completely inactivate 
them Residual activity amountmg to about 10 per cent of the onginal 
always remamed after exhaustive dialysis 
The dialyzable component was heat-stable, while the non-dial 3 'zab]e 
part was heat-labile Thus, when heated dialysate or heated carp extract 
was 'added to the non-dialyzable fraction, activity was regamed, while, 
when a heated non-dialyzable fraction was added to the dialysate, no 
activity was generated The heatmg in these expienments was done 
at 100° for 15 mmutes 

Isolation and Identification of Products of Reaction 4-Methyl-5-hydroxy- 
ethylthiazole — Tlie isolation of this component of the reaction products was 
accomphshed with the aid of the Mucor assay which was used to gmde the 
operations 2 5 liters of carp extract and 1 gm of thiamine were mixed 
and allowed to stand overnight at 4° The pH was mamtamed above 7 
with NaHCOa The solution, which was then free of thiamme, was con- 
centrated under reduced pressure until NaCl began to crystallize, and v as 
then treated ivith 4 volumes of alcohol The precipitate vas filtered off 
and washed vith alcohol, and the filtrate was concentrated under reduced 
pressure to a sirup This sirup was taken up m a small amount of alcohol, 
and the insoluble matter was removed The extract was freed of alcohol 
taken up m a small amount of water, made alkahne mth aimnoma, 
d ex-tracted three tunes with chloroform The chloroform was removed 
from the extract under reduced pressure and the pale yellow hquid which 
remamed was dissolved in a small amount of absolute ethanol and treated 
with excess alcohohe picnc acid The crj'stals which formed were filtered 
off and recrystalhzed, m p ’ 156-158° Synthetic 4-methyl-5-hydroxy- 
ethylthiazole picrate m the same bath melted at 156-158° The yield vas 
930 mg (82 per cent of theory) 

The free base was regenerated and the chloroplatmate ivas prepared from 
it, mp 172-175° Authentic 4-methyl-5-hydrox'yethylthiazole chloro- 
platmate m the same bath melted at 172-175° 

CijHjoOjNjSsPtCU Calculated C 20 7, H 2 87, Pt 28 0 
Found •' 20 7, “ 2 99, “ 29 0 

The flavianate was prepared and found to melt at 188-191° ivith de- 
compositionv An authentic sample melted at 190-192°, ivith decomposi- 
tion, m the same bath Mixture of each of the three denvatives mth the 
appropnate authentic specimen resulted m no depression of the melting 

pomts , 

^-Methyl- 4 -omino-£i-hydroxymethylpynmtdine — The Endomyces method 
was used throughout the following fractionation scheme to guide the opera- 

• All melting points recorded in this paper were uncorrected 
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tions For reasons winch will appear below, a suspension of carp viscera 
was used m preference to carp extract 

900 gm of carp \isccra and 400 cc of water were thoroughly nuxed m 
a Wanng blcndor, and to the mixture was added 1 gm of thiamme The 
mixture was allowed to stand o\ cmight at 4°, and was then found to be free 
of thiamine 97 per cent of the original thiamine actmty for Endomyces 
was present, howeicr 5 liters of alcohol were added, and the precipitate 
was filtered off and washed with alcohol The filtrate and washmgs were 
concentrated under reduced pressure to a sirup which w'as dissolved m 1 
liter of water, made to pH 9 with banum h 3 ’droxide, and filtered This 
alkaline solution was extracted contmuouslj wath ether for 24 hours 
4-]\retlnl-5-h3droxveth}lthiazoIe picrate, mp 156-158°, was isolated 
from the ether extract The residual aqueous solution w'as concentrated 
to 400 cc under reduced pressure and mixed with 5 per cent of its volume 
of sulfunc acid, and then with an excess of mercurj' sulfate in 5 per cent 
sulfunc acid The precipitate was filtered off, and the filtrate was freed 
of mercur 3 wath H-S The HgS filtrate w as extracted ten times with 300 cc 
portions of butanol The residual aqueous solution was made to pH 9 
wath banum hjdroxide, and the barium sulfate w'as filtered off The fiil- 
trate was then extracted ten times with butanol Tlie alkaline butanol 
extracts were concentrated under reduced pressure to 30 cc , filtered, and 
concentrated to dimness The residue was dissohed m 20 cc of water, 
and the solution was extracted contmuousb' with chloroform for 24 hours 
The extract was freed of soh ent under reduced pressure, dissolved m water, 
and decolonzed w ith 50 mg of norit The solution so obtamed was con- 
centrated under reduced pressure to dryness This residue was a glass 
which slow 13 '’ cr 3 stalhzed The crystals melted at 195° Andersag and 
Westphal (10) reported the melting pomt of 2-meth3d-4-ammo-5-hydroxy- 
meth3dpyTimidine as 194° The matenal was 2 3 times as active as an 
equal weight of thiamine in the Endomyces test and hence was practically 
pure b 3 ^ this entenon, smee the molecular weight of thiamme is approxi- 
mately 2 4 times that of the pynmidme The yield was 160 mg (41 per 
cent of theor 3 ) 

The h3'drochlonde was prepared m alcohol and precipitated with ether 

C,H,oON,Cl Calculated C 41 1, H 5 71, N 24 0 
Found “ 41 4, " S SS, “ 24 0 

The chloroplatmate was prepared from the hydrochlonde 

CijHzoO N,PtCIe Calculated, C 20 9, H 2 9, found, C 21 3, H 3 1 

Evidence for Stepmse Course of Reaciion — ^Evidence for the formation 
of a compound mactive for Endomyces, but w’hich was converted 
2-methyl-4-ammo-5-hydrox3TnethyIpyTimidme durmg the course 
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reaction, was obtained in the following manner Although suspensions of 
caip tissue reacted mth thiamine to produce a substance (identified aboie) 
vnth no detectable loss of thiamme potency for Endomyces, NaCl e\tracts 
of the tissue caused marked loss of thiamine potency as measured bj 
Endomyces Thus in three separate runs suspensions of carp viscera de- 
stroyed all of the thiamme added, but the reaction mixtures exhibited 97, 
95, and 85 per cent of the ongmal thiamme potenej^ when tested mth 
Endomyces On the other hand, NaCl extracts of carp viscera reacted mth 
thiamme to leave only a fraction (varymg from 5 to 30 per cent) of the 
ongmal activity for the yeast 

The followmg expenments mdicated that a biologicallj" inactive dema- 
tn^e of the pjnmidme was formed dunng the destruction of thiamme with 
carp extract Long incubation of the thiamme-free mixture of extract and 
vitamm resulted in the slow generation of thiamme actmtj for Endomyces 


Table IV 

Rate of Appearance of Thtamtne Activity for Endomyces in Thtamtne-Free Mixtures 
of Carp Extract and Thiamine 


Time o( Incuhitioa i 

Tbiambe acUvjty for Eniomyees 

hfs 

Ptr cent oj ^ritinol ihismini 

1 

25 

0 

28 

24 

39 

192 

70 


'This fact was illustrated by the data m Table In this experiment, 10 
cc of extract and 100 y of thiamme were meubated at 4*, and ahquots were 
analyzed at the stated intervals Furthermore, digestion of the reaction 
mixture with 1 n NaOH regenerated all of the ongmal thiamme potencj for 
this organism The fish tissue probablj contained an enzyme (which was 
nearly absent from the extract) which liberated the pynmidme from this 
mtermediate The slow increase in potency observed mth the extract 
would then be due to a trace of this second enzyme in the extract The 
varymg potency of extracts referred to in the previous paragraph would 
hkewise be explamed by such a hypothesis 

SUMMAHT 

The destruction of thiamme by carp tissue has been shown to be an en- 
zymic reaction by the demonstration of the products of cleavage of the 
thiamme molecule The reaction was but little affected by changes in pH 
m the range 1 to 8 and by changes m temperature from 0° to 37° The 
enzyme has been obtamed m solution m 10 per cent NaCl m good yield, 
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and lias been sho\vn to consist of a beat-labile, non-dialyzable part and a 
heat-stable, dial 3 'zablc component Tlie over-all reaction m carp tissue 
suspensions M-as the rupture of the vitamm bj' the addition of water to 
jneld 4-methyl-5-hydro\j'ethylthiazole and 2-methyl-4-ammo-5-hydroxy- 
mcthylpjTnmidme Tliese substances were isolated and charactenzed 
Endence n ns presented to show that an intermediate compound was formed 
nbich nas transformed into the above pynmidine m tissue suspensions, 
but only very slowlj m NaCl cvtracts 
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Unnary coproporph 3 Tin has been estimated by a vanety of methods in 
which fluorometric, colonmetnc, and spectroscopic procedures have been 
used (1-4, 6-1 1) The fluorometric procedure is very sensitive and permits 
detection of minute amounts of porph 3 rrm Since a procedure adapted 
to the use of a modem fluorophotometer has not been desenbed, ve ivish 
to present the details of a method wluch has been in use for several years 
in these laboratones Most of the procedures used are adaptations of 
those desenbed by Brugsch (1), Fikentscher (4), and Fischer (5) 

In the follovang discussion it is assumed that coproporphynn is the only 
porphynn present m unne v hich is extracted ivith ether in the presence of 
acetic acid and in turn is removed completely from the ether by a few 
extractions with 5 per cent hydrochlonc acid This assumption undoubt- 
edly IS justified m the great majonty of instances but possible exceptions 
should be kept in mind No provision for hydrolysis of possible conjugates 
(8) of coproporphynn has been made in the routine procedure This point 
should receive further investigation 

A Pfaltz and Bauer fluorophotometer, model A, was used for most of this 
V ork A Coleman, model 12, fluorophotometer also was used by one of us 
(S N ) The results given for Patients 4 to 11 were obtamed ivith this 
instrument In both instruments a 100 watt General Electnc H-4 type 
mercury lamp is used for the excitmg hght The incident beam passes 
through the solution contained malX4X45cm cuvette in the case of 
the Pfaltz and Bauer instrament and through a f inch (1 9 cm ) test-tube 
m the case of the Coleman mstniment The intensity of the fluorescent 
hght which IS enutted at right angles to the incident beam is measured by a 
photocell placed appropriately For this determination the incident hght 
was filtered ivith a Cormng Filter 511 of 1 mm thickness The maximal 
transimssion of this filter is about 410 my The fluorescent hght passed 
through a red filter which cut off sharply radiation below 578 m;i to filter 
out scattered hght In order to mcrease the sensitivity a nurroi v as placed 
behmd the cuvette or the test-tube so that fluorescent hght which othenvise 
i\ ould have been lost was reflected back through the solution of porphynn 
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onto the photocell A mask was used over the end of the cuvette which 
received the incident hght and also over the side facing the photocell These 
masks covered the upper part of the cuvette so that the memscus was not 
illuminated and did not contribute to the fluorescence The cuvette then 
could be filled without attention to the exact volume as long as the meniscus 
was above the opemngs in the masks Without the masks it was necessary 
to nse always an exact volume of the porphyrm solution These precau- 
tions were unnecessary with the test-tube of the Coleman instrument 

Method 

Collection of Unne — Unne is collected for 24 hours in dark bottles which 
contam toluene as a preservative It may be kept in a refngerator for 
several days without appreciable loss of porphynn 

StandartP — The stock standard is a solution of coproporphynn in 5 per 
cent hydrochlonc acid which contains 10 y per ml The worl^g standard 
is obtained by dilution of 0 3 ml of the stock solution to 100 ml with 5 
per cent hydrochlonc acid Both standard solutions should be protected 
from hght 

Coproporphynn for the standard was isolated from the unne of patients 
suffering from hepatic disease and of those suffering from acute porphyna 
V, was crystalhzed as the methyl ester (6, 12) For preparation of the 

ick standard 1 to 3 mg of the ester was weighed on a micro balance and 
jived in 10 to 20 ml of 25 per cent hydrochlonc acid When all the 
ester was dissolved, the solution was diluted with water to make the concen- 
tration of acid 5 per cent It then was diluted with 5 per cent hydrochlonc 
acid to the volume required to make the concentration of coproporphynn 
10 y per ml , 1 086 mg of the tetramethyl ester are eqmvalent to 1 mg of 
coproporphynn 

^ Procedure 

A 25 ml ahquot of unne is acidified with 10 ml of glacial acetic acid and 
then thoroughly shaken with 35 ml of ethyl ether in a 150 ml separatoiy 
funnel If the amount of porphyrm in the total quantity of unne is known 
to be greater than 100 y, an ahquot which contains not more than 5 y is 
used and this is diluted to 25 ml If an emulsion forms, it can be broken 
usually by addition of a few drops more of glacial acetic acid The two 
layers are separated and the unne is extracted twice more with 35 ml 

> Ewing and Cornblect (3) have used a commercial preparation of hematoporphy nn 
hydrochloride (photodjne) as a standard for the photelometric determination of 
coproporphynn Presumably homatoporphyrin could also be used as a fluorometnc 
standard onco the relation between the fluorescence of hematoporphy rm and oopro- 
porphyrin was established 
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portions of ether The ether extraets are combined and washed three 
tunes ^\^th 25 ml portions of water The combined water washmgs are 
washed back once wntli 25 ml of ether whicii are added to the other ether 
extracts The ether solution, which now contains all of the copropor- 
phjTin, IS extracted with 5 ml portions of 5 per cent hydrochloric acid 
Ordmanlj' three extractions are sufficient but if the amount of porphynn 
has been underestimated more extractions may be necessary Conse- 
quently a fourth extract is alw aj s made and examined m the mcident beam 
of the fluorophotometer with Filter 511 If a red fluorescence is observed, 
the extraction is continued until a subsequent extract does not exhibit any 
fluorescence All of the 5 per cent hydrochlonc acid extracts which contain 
porphj^nn are combined and the volume is measured, or the solution may 
be diluted to a convenient volume 

The ether which is dissolved m the extracts does not affect the deter- 
nunation but smee it mcreases the volume the final volume must be meas- 
ured The dilution of the acid which results is not sufficient to affect 
appreciably the mtensitj’’ of fluorescence of the porphynn Although the 
mtensity of fluorescence of a porphsmn depends on the acidity of the solu- 
tion, so that it IS important to keep the concentration of acid constant for 
standard and unknown, the concentration of 5 per cent of hydrochlonc acid 
IS sufficiently large that small deviations from this concentration do not 
result in measurable differences m the mtensity of fluorescence 

With the standard solution m the cuvette the mtensity of the mcident 
hght IS adjusted by means of the ms diaphragm until the galvanometer 
readmg is almost at the maximal position on the scale (20 cm with the 
instrument used) Then the extract is substituted for the standard and 
the readmg taken The extract is diluted, if necessaiy, with 5 per cent 
hydrochlonc acid until the reading is less than that of the standard. In 
order to determme whether there are substances present which interfere 
with the fluorescence of the porphynn, a portion of the solution which gave 
a satisfactory readmg is dduted further with an equal volume of the 5 per 
cent hydrochlonc acid and a readmg is taken with this dilution If the two 
readmgs are not proportional, there has been mterference with the fluores- 
cence and it is necessary to purify the porphyrm as desenbed subsequently 
A blank readmg, taken with the 5 per cent hydrochlonc acid m the cuvette, 
IS subtracted from aU readmgs 

Calculation — The relation of the readmg and concentration of the 
unknown to the readmg and concentration of the standard is that of a 
simple proportion 

If the 5 per cent hydrochlonc acid solution contains more than 5 7 of 
porphyrm, the unne residue should be exammed further for completeness 
of extraction It is extracted a fourth time with 35 ml of ether and the 
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etliei IS extracted ith 5 ml of 5 per cent hydrochlonc acid The hydro- 
chloric acid extract is examined m the duorometer If no red fluorescence 
IS observed, it may be concluded that the first three extracts contain all of 
the porphyrin If there is a red fluorescence, the hydrochloric acid extract 
IS neutralized to Congo led mth sohd sodium acetate and shaken again 
ivith the ether from vliicli it was derived The unne residue also is ex- 
tracted further until an acid extract of the ether no longer shows a red 
fluorescence The combined ether extracts are treated as outlined pre- 
viously 

With the instruments used as described the readings are directly propor- 
tional to the concentration of porphynn between 0 and 0 05 y per ml The 
sensitmty of the instruments is such that readings within this range of 
concentration are adequate If another type of instrument is used, it may 
be necessary to use greater concentrations of porphynn In that case the 
dilution of interfenng substances may not be sufficient If, on dilution, the 
readings are not proportional to the concentration, the porphynn is punfied 
as follov s The 5 per cent hydrochlonc acid solution is neutralized to Congo 
red ivith solid sodium acetate and, if the volume is not more than 50 ml , 
it IS extracted as descnbed for urine If the volume is greater, larger 
amounts of ether ma}’- be used The ether extracts are combined, washed 
inth water (which in turn is washed back ivith ether), and then ivith 5 per 
n’cent hydrochlonc acid The acid solution is now usually sufficiently free 
' from interfering substances so that a Imear relation between readings and 
concentration of porphynn is obtamed If not, the punfication procedure 
IS repeated 

Use of hglit in the region transmitted by the filter used appears to make 
the method reasonably specific for porphynn This conclusion is based on 
the observation that ultraviolet radiation of shorter wave-length usually 
excites an intense white fluorescence in unne This fluorescence masks that 
of porphynn unless relatively large amounts of porphynn are present Some 
of the material which gives the white fluorescence is earned into the extract 
^\ hich contains the porphynn and interferes vnth the deternunation When 
the usual ultraviolet filter was used, it was observed almost always that 
readings on progressive dilutions of the hydrochlonc acid extract were not 
proportional until the concentration became so small that the error in the 
readings became undul}' large The interfenng matenal could be removed 
bj further punfication but more than one transfer of the porphynn to ether 
and then to hydrochloric acid was necessary In the present procedure 
interference from this source has not been observed The small concen- 
trations of porphioin also make possible sufficient dilution of the extracts 
so that interference of unknown substances by absorption of incident or o 
fluorescent light is largely eliminated 
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Offnimoil 

Tabic I contains the data assembled from twenty determinations of 
unnary coproporphynn Mith simultaneous recovery expenments In all, 
twenty-eight such determinations ivere made These twenty were chosen 
for presentation to include typical results for nonnal and pathologic unnes 
and to show the extreme de\nations (—14 and -f 13 per cent) from 100 per 
cent recovery It is show n also that satisfactory results are obtained when 
the total excretion of porphyrin vanes from 6 to 1245 7 The average 
reco\ery for the twenty-eight expenments was 99 6 per cent Since the 
electncal supply for the Pfaltz and Bauer fluorophotometer underwent 
sudden and uncontrollable changes of voltage, the readmgs with this instru- 
ment w ere subject to an uncertainty estimated to be approximately 5 per 
cent, in spite of check readings of the standard taken just before each 
reading of the unknown 

Individual specimens of unne may present special problems If the 
unne contams protein, it may be difficult to break the emulsion How- 
ever, the usual procedure w as apphed successfully to the unne of Patient 13, 
which contamed hemoglobm The unne of Patient 18 formed very stable 
emulsions which could be broken only by centrifugation This unne also 
contamed a bnght yellow pigment which was ether-soluble and some of 
which went from the ether into the 6 per cent hydrochlonc acid extracts 
This colored matenal apparently did not interfere with the determination, 
smee 95 per cent of added coproporphynn was recovered The yellow 
color was eliminated by the procedure desenbed for removal of mterfenng 
substances and the recovery of added porphynn was then 97 per cent The 
lower recovery is given m Table I, since it was obtained by the standard 
procedure The detemunation of coproporphynn was compheated further 
by the presence of another ether-soluble porph3Tin which was removed only 
dowly from ether by extraction with 5 per cent hydrochlonc acid A weak 
red fluorescence stiU was observed m the fifth and sixth hydrochlonc acid 
extracts It was concluded that this fluorescence did not represent copro- 
porphynn and only the first three hydrochlonc acid extracts were used for 
the detemunation Even so, the presence of this fluorescent matenal 
(poiph}mn?) resulted m an overestimation of the coproporphynn When 
the porphynn was returned to ether and then to 5 per cent hydrochlonc 
acid, a value of 1015 mstead of 1245 7 was obtained for the total copropor- 
phyrm Repetition of the entire detemunation confirmed these values 

The unne of a patient suffermg from porphyna (Patient 20) may also 
present difficulties Although uroporphynn, which is charactenstic of 
such unnes, is not extracted from water by ether and acetic acid, it has been 
observed several times that such an ether extract appeared to contam a 
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Numerous ^\orkers have reported that the admimstration of atabnne 
imparts an intense jellon color and fluorescence to the unne, and, in 
general, tlus appearance of the urine has been attnbuted to the presence 
of unchanged atabnne in the specimen Our evpenments indicate that a 
number of aendme dent atives appear in the unne following administration 
of the drug to expenmental ammals 

EXPERIMENTAL 

Pooled samples of unne obtamed from groups of dogs receiving 10 mg 
of the drug per kilo of bodj' n eight per day, 6 days of each week, were 
fractionated according to the accompanying diagram The details are as 

Unne 

1 


Organic soluble fraction 



A Bi Bz C 

follows Add strong sodium hydroxide solution to 10 hters of unne (pH 
above 9 6) Extract twice with 2 5 hter portions of isoamyl alcohol The 
alcohohe extract contains, among other things, four basic aendmes, tenta- 
tively designated Fractions A, Bi, Bj, and C (Extract the alkahne unne 
residue with two additional 2 5 hter portions of isoamyl alcohol, and 
chromatograph directly for the isolation of Fraction C as desenbed later ) 
Centrifuge the orgamc soluble extract to break emulsions and discard 
the interfacial sohds Add 20 hters of benzene to the isoamyl alcohol and 
extract the basic acndines* with 1000, 500, and 500 cc volumes of 0 5 N 

* Hjdrolytic cleavage of the basic side chain of atabnne yields the corresponding 
neutral aendone Since neutral acndine fractions observed by us at vanous stages 
in this V ork may have resulted from the manipulative procedures used, we have not 
investigated this fraction 
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hydrochlonc acid Discard the organic phase Add alkah to the acidic 
solution (pH above 9 6) and reevtract the acndines with two 500 cc por- 
tions of isoamyl alcohol Discard the i\ ater phase Add 4 hters of benzene 
to the isoamyl alcohol, and extract the acndines with 200, 100, and 100 cc 
portions of 0 5 N hydrochlonc acid Discard the organic phase 
Wash the acidic solution inth two 100 cc portions of diethyl ether, and 
discard the ether extracts Add alkali to the aqueous phase to pH 8 4 to 
8 8 and extract the aqueous solution three times vith 100 cc portions of 
benzene Increase the pH of the aqueous phase be} ond 9 6, and extract 
with a final 100 cc portion of benzene The combined extracts constitute 
the betizcne-soluble fraction Extract the lesidual, strongly alkaline, 
aqueous phase vutli four 100 cc portions of isoam}! alcohol These 
extracts, combined, constitute the isoamyl alcohol-soluble fraction 
Extract the benzene-soluble fraction mth four 100 cc portions of 10 per 
cent sodium hydroxide to remove Fraction Bi The residual benzene solu- 
tion retains Fraction A 

Dry the isoamvl alcohol-soluble fraction mth anhydrous sodium sulfate 
and allow it to percolate through a column of Brockmann’s alumina 
Fraction Bj passes into the collecting receptacle, leanng Fraction C ad 
sorbed Wash the column mth ether and air-dry Elute Fraction C with 
dilute hydrochlonc acid, or preferably with hot water 
Separations effected mth the foregoing procedure indicated that there 
at least four organic soluble excretion products eliminated by vav of 
i,he unnary system in the dog To obtain further information concerning 
the nature of these products, each fraction was studied indimduallj as 
follows 

Fraction A — The residual benzene solution, containmg Fraction A, pig- 
ments, etc , was dried ivith sodium sulfate and allowed to percolate through 
a column of alumina 40 to 50 cm long and 12 mm m diameter The 
chromatogram was developed mth benzene containing 5 volumes per cent 
of isoamyl alcohol A strongly adsorbed brown band remained at the top 
of the column Below this, there was a yellow'-orange-colored band, and 
Fraction A passed into the collecting receptacle The elution of Fraction 
A may be accelerated by using higher concentrations of isoamyl alcohol 
m the eluent 

The eluate containing Fraction A was extracted with 0 5 N hydrochlonc 
acid The acidic phase was washed ivith benzene, tlie pH of the aqueous 
phase was raised above 9 0 and the acndine was extracted wnth small 
volumes of benzene The benzene extract was dned over sodium sulfate, 
filtered, and saturated wnth dry hydrogen chlonde Atabnne dihydro- 
chlonde precipitated After recrystallization from freshly distilled pyndine 
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the product melted nt the S'lmc temperature os atabnne dihydrochlonde 
and did not depress the melting point of an authentic sample The ab- 
sorption of solutions of this material o\ er the range of 3000 to 5000 A was 
identical mth that of solutions of atabnne 

C,n, 0^,Cll Cnlculated C 58 39, H C 82, N 8 89 

Found “ 58 48, “ 6 59, “ 8 82 

Bjf means of the Beckman spectrophotometer, solutions of atabnne 
dihydrochlonde uere examined m the near ultraviolet and visible regions 
of the spectrum Dissolved in 1 250 n hydrochlonc acid, or m a citrate 

buffer at pH 3 00, the product gave the same absorption data (Curve 1, 



Fig 1 The absorption of atabnne dihydrochlonde at pH 2 10 (Curve 1) and pH 
8 55 (Curve 2) « X 10“’ is the millimolecular extinction coefficient 

Fig 1) with a band at 3430 A and a broad band in the visible region with 
maxima at 4250 and 4450 A As the pH of the solution was mcreased, 
the absorption began to change The change was pronounced at 7 6 and 
complete at pH 8 55 At the latter pH there vere small^bands at 3420 
and 3600 A and a band with a single maximum at 4200 A , as shown m 
Fig 1 The absorption curves obtamed at all pH levels passed through 
isobestic pomts at 3530 and 4080 A , atabrme is therefore tautomeric and 
the tautomensm, which involves the chromophonc acndme rmg, is hnuted 
to t\\ o molecular species ^ Since 2-methoxy-6 , 9-dichloroacndme does not 
exhibit a similar pattern, the changes produced by raismg the pH of the 
atabrme solution suggest the foUowmg tautomensm 

’ Prideaux, E B R , / Soc Chem Ind , 46, 678 (1926) Clark, W M , The deter- 
nunation of hydrogen ions, Baltimore, 3rd edition, 154 (1928) 
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After the elution of atabnne from the column mentioned above, the 
strongly adsorbed band of browm matenal at the top of the eolumn was 
removed mechanically, and discarded TJie orange-yellow band \ias 
eluted witli acidulated vatci The colored material in this acid eluate is 
wcaklj basic It may be cxtiacted from basic solutions ivith benzene, and 
may be extricted from benzene nitli acids Solutions of the matenal do 
«t fluoresce appreciably in ultraviolet ligiit, and Mhile the solutions are 
^ ' iv in color, absorption data suggest that the materials in this eluate 
are not acndinas We have not imcstigated tlus material beyond this 
point, but the acid eluate appears to be of interest because it does not occur 
in normal dog unno The materials in this eluate may be produced by an 
aberrant pigment metabolism, or they may be atabnne detoxication prod 
ucts in which the acridine ring was ruptured 

Fraclton Bi — The alkaline solution containing Fraction Bi was v ashed 
vath benzene, the pll 11 ns adjusted to 8 4 and the product was extracted 
with benzene The benzene solution, dned bnefly over anhydrous sodium 
sulfate, was allowed to percolate through a column of alumina 20 cm m 
length and 8 ram in diameter Fraction Bi was retained as an orange 
band at the top of the column The chromatogram was developed with 
benzene containing 50 volumes per cent of isoamyl alcohol, and Fraction Bi 
passed into the receiver An equal volume of benzene was added to the 
eluate and the basic acndine was extracted from the organic phase with 
0 5 N hydrochlonc acid 

When exposed to ultraviolet light, acidic solutions of Fraction Bi emitted 
a green fluorescence similar to that observed with solutions of atabnne, but. 



J V scum AND V C JELINEK 


31 


unlike the latter, uhen the solution'uns made alkaline the color changed 
from jellow to orange and the solution then gaie a distinctive yellow 
fluorescence in ultranolet light 

Punfied further bj' repetition of the distribution and chromatographic 
techniques, aqueous solutions of the product u ere e\amined spectrophoto- 
metncall} The concentration of the pioduct in 05 n hydrochlonc acid 
was determined bj the colorimetric intensity measured at 4250 A and the 
data (shown m Fig 2) are expressed in terms of atabrme dihydrochlonde 
The data obtained (Curve I) are similar to those obtained wath comparable 



Fig 2 The absorption of Fraction B, in 0 5 ^ hydrochlonc acid (Curve 1 ), at pH 
7 51 (Curve 2), at pH 8 58 (Curve 3), and in 2 5 n sodium hydroiude (Curve 4) e 
IS computed, arbitrarily, on the assumption that equimolar solutions display the 
same extinction coefficient at 4250 A as atabrme dihydrochlonde The data for Figs 
3 and 4 were obtained by similar treatment 

solutions of atabrme, mdicatmg the acndine natme of Fraction Bi Acidic 
solutions of Fraction Bi exhibited maxima at 3450 and 4330 A with a sug- 
gestion of a maximum at 4500 A Different samples of Fraction Bi always 
gave identical data over the range of 3300 to 5000 A 
Mamtammg the Fraction Bi concentration constant, but mcreasmg the 
pH to 7 02, produced no appieciable changes m the absorption, but when 
the pH was increased to 7 51 (Curve 2) the absorption was altered, and at 
pH 8 58 (Curve 3) there was a pronoimced shift to the longer wave-lengths 
m the visible portion of the spectrum The change appeared to be com- 
plete when the product was examined m 2 5 N sodium hydroxide (CHirve 4) 
In this solution maxima w ere observed at 3500, 3650, and 4600 A The first 
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two bands correspond to those observed with alkahne solutions of atabrme, 
but the band in the visible region was shifted to longer instead of shorter 
wave-lengths W^iile it would seem that there is an mvanant point of 
3750 A , there are no isobestic points around 3500 and 4650 A m Fig 2 
Thus the changes in the absorption, produced by increasing the pH of the 
solution, require more than one tjqie of intramolecular rearrangement m- 
volving the acndine ring 

Certam conclusions regaiding the nature of Fraction Bi may be drawn 
from the absorption and distnbution data Fraction Bi is about as basic 
as atabnne, indicating that the basic side chain hnhed to the 9-carbon atom 
IS relativelv unchanged At least the ammo groupmg attached to the rmg 
IS mtact Thus, the product is capable of the same tautomensm ex- 
hibited by atabrme Unlike atabrme, however. Fraction Bi forms a 
sodium salt Since the changes in the absorption are not due to decom- 
position and are complete only m strongly alkahne solution, the amomc 
grouping in Fraction Bi is a w eak one, and is presumably phenolic The 
position of the phenohc group is unknowm It may appear m the molecule 
as the result of hydrolysis, in vivo, of the 2-methoxy group 

Fradion B ; — The isoamyl alcohol eluate contaming Fraction B« was 
further purified as follows 4 volumes of benzene were added to the alcohol 
and the basic acndine w as extracted with 0 5 N hydrochlonc acid The 
acidic phase was washed twice wnth benzene to remove traces of isoamyl 
alcohol The pH of the aqueous phase was increased to 8 4 and then to 
above 9 6 and the solution was washed with benzene after each pH incre- 
ment to remove possible traces of atabnne and Fraction B: The product 
was then extracted with small quantities of isoamyl alcohol Benzene 
was added to the combined isoamj 1 alcohol extracts to give a benzene solu- 
tion containing 10 volumes per cent of isoamyl alcohol After being 
bnefly dned with anhydrous sodium sulfate, the solution was allowed to 
percolate through a column of alumina 40 cm long and 12 mm in diameter 
The chromatogram w as developed xvith the same soh ent and the product 
was eluted with isoamyl alcohol The eluate was diluted wnth 4 volumes 
of benzene and the product was extracted from the aqueous phase with 
0 5 N hydrochlonc acid 

After further punfication by repetition of the distnbution and chromato- 
graphic techniques, solutions of Fraction Bj were exanuned spectrophoto- 
metncally In the data for Curve 1 (Fig 3) the concentrations are ex- 
pressed in terms of atabnne In 0 5 n hydrochlonc acid Fraction Bj gave 
a strong band at 3530 A and a broad band in the visible region with 
maxima at 4080 and 4300 A The character of the curve is similar to that 
obtained with solutions of atabnne, indicatmg the acndine nature of 
Fraction Bj The absorption of the solution was not altered by increasing 
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the pH to 2 9S The change \\as significant at pH 4 95 (Curve 2), pro- 
nounced at pH 6 15 (Cur\ e 3), and complete at pH 7 57 (Curve 4) Thus, 
Fraction B- is a ncaker base than atabnne Further, the changes in the 
absorption produced \\ath increasing pH are quite different from those 
obsen^ed m comparable expenmcnts TOth atabnne In alkaline solution 
Fraction B- exhibits no detail m the near ultraaaolet and a single strong 
band at 3970 A All four cun cs shorni in Fig 3 pass through common 



Pig 3 The absorption of Fraction B in 0 5 n hydrochloric acid (Curve 1), at pH 
4 95 (Curve 2), at pH 6 15 (Curve 3), and at pH 7 57 (Curve 4) 

points at 3210 and 3680 A , hence there is only one substance contributing 
to the absorption This substance is capable of existing in two molecular 
forms dependmg upon the pH, and this tautomensm is presumably de- 
pendent upon the presence of the substituted 9-ammo group These 
observations suggest that, among other thmgs, a partial degradation of the 
basic side chain may occur m the course of the conversion of atabnne to 
Fraction Bj m the dog 

Fraction C — ^After the elution of Fraction C from the chromatogram, the 
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eluate 'was acidified and washed mth benzene The pH of the eluate was 
increased to 8 4 and then to a i alue nboi e 9 6 and the aqueous phase was 
extracted -nith benzene after each pH increment The product was ex- 
tracted with comparatneJy lai^e lolumes of isoamvl alcoho] 4 lolumes 
of benzene were added to the extract and the acndine was extracted from 
the organic phase with 0 5 x hxdroclilonc acid 
After repetition of the distnbution and chromatogriphic procedures, 
solutions of Fraction C in 0 5 x hx drochlonc acid n ere examined spectro- 
photometncally (Cun e 1 of Fig 4) Identical absorption data were found 
with aU samples of Fraction C obtained, and these data are sufficientlj 
similar to those obtamed ivith atabnne to indicate the acndme nature of 
Fraction C There is a band at 3450 A and a broad band m the visible 



Fig 4 The absorption of Fraction C in 0 5 x h\ drochlonc acid (Cun e I), at pH 
8 GO (Curve 2), and at pH 9 57 (Cun e 3) 

xi^on With a suggestion of a maximum at 4150 A and a distmct maximum 
at 4320 A The absorption v.as not changed appreciablj when the pH 
was mcreased to G 0 At pH S GO there n ere sigmficant changes (Curve 2) 
which were complete at pH 9 57 (Chirve 3) Thus, Fraction C is a stronger 
base than atabnne llie cun es shoivn in Fig 4 pass through common 
points at 3570 and 4080 A , mdicating the presence of onl\ tno molecular 
species in the solutions examined Smce the absorption of Fraction C is 
quahtatively simil ar to the absorption of atabnne m both acidic and 
alkalme solutions (compare Figs 1 and 4), the molecular structures re- 
qmate to these absorption patterns are essenball) unaltered m the comer- 
sion of atabnne to Fraction C in the dog Apparentlj one or more polar 
groupings are present m Fraction C, smce its free base is comparatively 
water-soluble, but this group (or groups), presumabh phenohc m nature, 
does not influence the tautomensm appreciably 
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Accumulated samples of Fi action C in 0 5 n hydrochlonc acid ivere con- 
centrated jn lacuo at tempei atuies below 30° The product was extracted 
wth isoamyl alcohol after the concentrate was made strongly alkalme 
Tlie alcoholic extract was dned and saturated with hydrogen chlonde and 
the product was precipitated bj the addition of ether After several 
recpj’stalhrations from anhvdrous isoamyl alcohol the product appeared 
as a fine a ellow pow der The product contained 1 8 per cent ash and re- 
sisted punfication It darkened at 154° and melted with decomposition 
at 102-165° 5 mg of this product m 1 cc of water were treated with 1 cc 

of a saturated solution of picne acid The picrate precipitated on standmg 
On recrj stalhzation from alcohol, the picrate appeared as a crystalhne 
powder which sintered at 152° and sublimed at 160-165° Attempts to 
identih Fraction C were discontinued at this point 

Dr Albert Seeler of the Merck Institute kindly examined purified con- 
centrates of Fraction C and reported that these showed no schizonticidal 
actmtj when tested against a species of avian malana at dose levels of 20 
and 100 mg per kilo of body weight Further, the toMCity of these con- 
centrates was greater than that of atabnne 

DiscnssioN 

The present investigation w as limited to the study of the isoamyl alcohol- 
soluble aendme bases excreted by way of the unnary system following oral 
administration of atabnne It is clear that other solvents may extract 
additional products Preliminary expenments mvolving extraction after 
hydrolysis have indicated that only small, if not neghgible, amounts of the 
drug are excreted as w'ater-soluble acndines of the ethereal sulfate or 
glucuromde type, but no exhaustive attempt w as made to study the excre- 
tion of such products Nor weie any attempts made to seek products in 
which the aendme rmg w as ruptured, although by far the larger portion 
of the drug is presumably degraded to this extent because only about 5 per 
cent of the drug is recoverable m forms retaining the intact aendme nng 

In spite of these many restnctions imposed upon the scope of the m- 
vestigation, the lesults reported here indicate that the unnary excretion of 
atabnne m the dog is quite complex It has been shoivn that at least four 
aendme derivatives appear in the unne One of these has been identified 
as unchanged atabnne The remainmg three products have been charac- 
tenzed spectrophotometncally, vanous properties have been noted and 
limited conclusions regardmg functional groupmgs have been drawn 
There is also a unnary fraction, not excreted normally by the dog, which 
does not appear to be composed of aendmes This fraction may mclude 
atabnne denvatives in which the aendme nng is no longer mtact, or it may 
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appear in the unne as the result of an aberrant pigment metabohsm mduced 
by the drug 

The unnarj' excretion of atabrme vanes m different animal species The 
dog excretes about 5 per cent of the drug, and of the acndmes elimmated, 
about "5 per cent appears as atabrme, both Fractions Bi and B 2 appear to 
the extent of 2 to 5 per cent and the remamder is elimmated as Fraction C 
Adult rats, given 25 mg per kilo of bodj weight of the drug bv stomach 
tube elimmated about 2 per cent of the drug over a 48 hour penod Of the 
acndmes excreted, over 90 per cent vas unchanged atabnne No de- 
tectable amounts of Fraction Bi were present and onlj’- 2 to 5 per cent of 
the acndmes ivas elimmated as Fraction B; and C A random sample of 
unne obtamed from a human subject vho received 700 mg of the drug 


Tabix I 


Absorplton of Various Acndtncs in 0 5 \ Hydrochloric Acid 


The values for the latter four substances vere determined bj the tinctorial in- 
tensity measured at 4250 A and the results are expressed in terms of atabrme The 
sjmbol ± signifies that there was onlj a suggestion of a maximum at the given 
wave-length X is given in A 


Substance 


• xie-i 


.X ll>-> 


<xii>-> 

Atabnne 

2 - Methoxy - 6 - chloro- 


4 87 

4250 

9 37 

B 

8 94 

9-aininoaondiiie 

2 - Methoxy - 6,9 - di- 


4 48 

Bl 

6 03 



chloroacndine 




16 6 


5 67 

Fraction B, 




10 0 


8 99 

“ B, 


15 7 


10 7 

He m 

9 46 

C (dog) 


7 99 


S 94 


9 55 

“ “ (rabbit) 


4 54 


0 32 


8 61 


contamed about as much Fraction C as unchanged atabrme The con- 
centrations of Fractions Bj and Be were not determmed Pooled samples 
of unne obtamed from rabbits 5 hours after the oral admimstration of 100 
mg of atabrme per lalo of body weight contamed about 1 per cent of the 
dose adnunistered Of this, the output of Fraction C v as approximately 
5 times the output of atabnne, and there vas no Fraction Bi or B- m the 
sample 

The separations used m this work are based upon the solubiht}', dis- 
tnbution, and chromatographic behavior of the different excretion products 
It 18 possible that different substances could satisfy these cntena, and that 
a given product obtamed from one ammal species may not be the same m 
the comparable product obtamed from another species This possi ty 
was investigated spectrophotometncally The substances charactenzed 
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ns atabnne arc the same m both species, but, as shoivn in Table I, the 
aendmes excreted bj'- the dog and rabbit and characterized as Fraction C 
are not identical 


smtMARa 

This study, limited to those substances extracted from alkahne solution 
with isoamyJ alcohol, indicates that the unnary excretion of atabnne is 
quite complex At least four acndine derivatives appear m the unne of the 
dog, of these, one has been identified as unchanged atabnne The re- 
maimng three have been charactenzed spectrophotometncally Vanous 
properties have been noted and hmited conclusions regarding their func- 
tional groupings have been draivn There is also a urinary fraction not 
normally excreted by the dog which does not appear to be composed of 
acndines Companson of the aendmes elmunated by the rat, rabbit, dog, 
and man indicates that the iinnarv excretion of atabnne vanes in different 
ammal species 




AN ADDITION TO THE MAESHALL METHOD FOR THE 
DETERMINATION OF THE SULFONAMIDES 
IN BLOOD 

Bt JOHN ^ SCUDI AND VIOLA C JELINEK 

(F rom the Research Laboratories of Merck and Company, Inc , and the Merck Institute 
for Therapeutic Research, Rahicay, New Jersey) 

(Rccci\cd for pubhcition, October 19, 1943) 

The method of Bratton and Marshall’ possesses an excellent sensitivity, 
but, smee the length of the column of most photoelectnc colorimeters is 



Fig 1 (/) Varying concentrations of the sulfonanude drugs as measured by the 
Marshall method {IF) Lower concentrations measured in n-butanol following ex- 
traction 


fixed, and smee low blood concentrations are frequently encountered, it is 
often impossible to measure the color developed m highly diluted blood 
filtrates A simple means whereby the color can be concentrated is there- 

‘ Bratton, A C , and Marshall, E K , Jr , / Biol Chem , 128, 537 (1939) 
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fore desirable Reduction of the blood dilution is not satisfactory since, as 
Bratton and Itfarshall' have shown, the sulfonamides and more particularly 
the heterocvclic sulfonamides are adsorbed bj protein precipitates, and this 
adsorption vanes in\ ersely as the dilution The desued concentration has 
been effected, without alteration of the Marshall method, b\ e\tracting the 
final azo color with small volumes of butanol 

Solutions of sulfanilamide, sulfathiazole, and sulfapjTidine were ana- 
lyzed^ at concentrations ranging from 0 1 to 0 5 mg per cent The colors 
w ere measured in a 1 cm cuv ette at 5400 m the Beckman spectropho- 
tometer with the results showm m Fig 1 The slopes of Lines 1, 2, and 3 
are inv'ersel}" proportional to the molecular w eights of the drugs The same 
experiments were repeated but onl}’’ one-fifth of the respective drug concen- 
trations w as used o mmutes after the azo color w'as produced, the colored 
solution (13 cc ) was extracted with 3 cc of «-butanol * The colored buta- 
nol phase was drawn off, dulled m ice water, and centrifuged to prevent 
cloudmg by imdissolved w ater The colors, measured as usual,’ gave Lmes 
4, 5, and 6, in Fig 1 Tlie slopes indicate that only 90 per cent of the sul- 
fanilamide dj'e was extracted but the extraction was complete m the case of 
the heterocyclic sulfonamides Tliese data mdicate that the colors obey 
Beer’s law', tliat the reproducibihty of the method remains unaltered, and 
^that the sensitn it} of the method is increased bj a factor of 6 With 20 cc 
of filtrate this factor is mcreased to 10 Tins addition to the Marshall 
method has been satisfactorily used in routine blood analyses 

* Tnchloroacetic acid as used in the Marshall method for blood should not be re- 
placed by hydrochloric acid as in the method for unne, since this alters the distribu- 
tion ratios 

> We e^amlncd the absorption of aqueous and butanol solutions of these dj estuSs 
over the range 4500 to 6000 A Maxima were observed at 5460 A in all cases Hence, 
the standard No 540 filter may be used 



THE MET^UBOLISM OF ACETALDEHYDE WITH ACETOIN 
FORMATION 


Br ELMER STOTZ,* W W WESTERFELD, and ROBERT L BERG 

(From the Biochemical Laboraloni of the McLean Hospital, Waverlcij, Massachusetts, 
and the Department of Biological Chemistry, Harvard Medical School, Boston) 

(Rccei\cd for publication, October 11, 1943) 

Acetaldehj dc is a pnmarj product of alcohol metabohsm in the animal 
bodj Together inth alcohol, it compnses the equihbnum S 3 "stem acti- 
^ated bj' the alcohol dehjdrogenase sj'stem (1), and its concentration in 
the blood, particularly in man, nses many fold after alcohol administra- 
tion (2) For this reason it merits attention, but it is probablj of further 
importance in the general scheme of carbohydrate metabolism The 
mtermediate formation of acetaldehj'de m the decarboxylation of pyruvic 
acid bj' 3 'east was earl}' estabhshed (3), and the study of a diphosphothi- 
amme enzjTne sj’stem from heart muscle by Green et al (4) strongly 
suggests that pj-ruMc acid is first decarboxylated to acetaldehj’de and is 
then further condensed wth a second molecule of pyruvic acid to yield 
acetom (acetj’lmethj Icarbmol) accordmg to the reactions 

CHjCOCOOH - CH.CHO + CO, 

CHiCHO + CHiCOCOOH -♦ CHr-CHOH— CO— CH, + COs 

Green el al found that m the presence of the enzyme the rate of acetom 
formation from pyruvate vas mcreased 4-fold if acetaldehj’de was also 
present, that from a given amount of pjoiivate the yield of acetom m the 
presence of acetaldehyde was tmee that obtamed ivith pyruvate alone, and 
that TV hen the acetaldehyde ivas replaced by propionaldehj’de the corre- 
spondmg acetj'lethylcarbmol was formed The production of acetaldehyde 
by tissues autolyzmg m the presence of an aldehj’de fiLxative (5-8) piobably 
represents an mterruption of the acetom-forming reaction through fixation 
of the acetaldehyde first produced (9) 

Special attention was directed to acetom as a product of acetaldehyde 
metabohsm by the work of Green et al and by our previous report that 
pyruvate administration produces an acceleration of alcohol removal from 
the blood (10) Acetom formation from pyruvate was earher demon- 
strated m minced heart muscle by Gorr (9), and m skeletal muscle, liver, 
and ladney by Tanko et al (11) The latter workers also noted that 
acetaldehyde increased the rate of acetom formation from pyru\ ate Our 

* Present address. New York State Agricultural Expenment Station, Cornell 
Umversitj, Geneva, Nea York 
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object has been to study the quantitnti\e relationships in the acetaldehyde- 
pyra\ate eondensation sj'stem of brain tissue \nfh the micromethods for 
acetaldehyde (2) and acetom (12) developed m this laboratorj The 
application of these methods has made it possible to compare the influence 
of vanous substances on the same tissue sample under the controlled con- 
ditions afforded bj'" use of the Warburg respirometer This report mcludes 
a studj-- of this reaction in thiamine-deficient bram and finally the demon- 
stration of acetom formation m mvo after the injection of acetaldehjde 

Experiments tn Vitro 

General Technique — ^Both rats and pigeons were used m these studies 
In either case the brain was quickly removed from the decapitated animal, 
freed of major portions of white matter, weighed, and homogenized in 0 9 
per cent sahne The suspension was further diluted so that each ml 
contained 250 mg of tissue 1 ml of this suspension was immediately 
pipetted into Warburg flasks already containing phosphate buffer and 
the substances to be tested Acetaldehyde (100 to 300 7 in 0 3 ml ) was 
placed in the side arms, the total i olume of fluid in the flasks was 3 3 ml , 
and the concentration of phosphate buffer w as 0 05 m of pH 7 4 After 
dequate temperature (37®) or gas equilibration and closing of the taps, 
^^e acetaldehyde solution was admitted to the mam chamber of the v essels 
At this time, noted as zero, a representatn e flask was removed, and the 
contents carefully rmsed into a chilled graduated centrifuge tube The 
mixture was deprotemized bv the addition of 1 ml of 10 per cent sodium 
tungstate and 1 ml of j x sulfuric acid, diluted to exactlj 10 ml , and 
centrifuged Changes in the concentration of substances under inv estiga- 
tion were then calculated by the differences found between the zero time 
control flask and the other flasks similarly treated after 1 hour of incubation 
1 ml of the filtrate suffices for the determination of acetaldehyde according 
to a previously described colorimetric method (2) and the remaining filtrate 
for the deterramation of acetom (12) In those experiments in w'hich 
pyTuvate was determmed, the contents of the flask were deprotemized wath 
tnchloroacetic acid (2 per cent final concentration) and the method of 
Buedmg and Wortis (13) utilized Acetaldehvde does not interfere m the 
pyTuvate procedure 

Acetaldehyde and Pyruvate Disappearance — Because of the volatihty of 
acetaldehyde, preliminary experiments were carried out to determme the 
extent of the losses due to this factor When the customary 90 to 120 7 
of acetaldehyde m 3 3 ml of saline buffer were used, a volatihzation loss of 
5 to 8 7 occurred during the 1 hour penod The relatively small volatihza- 
tion losses were determined frequently and subtracted from the values for 
acetaldehyde that disappeared in the presence of tissue 
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The disappearance of acetaldehyde and pj'ruvate individually or when 
both \iere incubated vith the homogenate of rat bram was determined 
The results of such experiments arc recorded in Table I and are strictly 
comparable, since all Mere determined simultaneously and on identical 
ahquots of a homogenate prepared by poolmg three rat brams The data 
shov that (1) brain tissue metabohzcs acetaldehyde under these condi- 
tions, (2) the amount vhich disappears, mth or without the addition of 
pjTui ate, IS increased bj' a lugher mitial acetaldehyde concentration, (3) 
the addition of pyruvate greatlj' accelerates acetaldehyde disappearance, 
and conierselj (4) addition of acetaldeh 3 'de accelerates p 3 Tuvate disap- 

Tadle I 

Acetaldehyde and Pyruvate Disappearance in Homogenates of Rat Brain 
250 mg of rat brain, total volume 3 3 ml , sahne-phosphate buffer 0 05 m, pH74, 
incubation 1 hour at 37° 


Sample No 

Acetaldehyde i 

added 

P>ru\ ate added 

Acetaldehyde 

disappeared 

Pyruvate 

disappeared* 


r 1 

r 1 

1 

r 

1 

no 

0 

20 


2 

no 

300 

48 


3 

no 

000 

62 


4 

no 

900 

66 


5 

320 

0 

52 


G 

272 

600 

1 95 


7 

540 

600 

181 


8 

0 

600 


414 

9 

no 

600 


502 

10 

I 272 

600 


512 


* Calculated ns pyruvic acid 


pearance The latter effect is less stnkmg, how’ever, owing to the rapid 
pyruvate metabolism present without added acetaldehyde 
The simultaneous disappearance of pyruv ate and acetaldehyde w as not 
due to an oxidation-reduction reaction between the two, since (a) alcohol 
formation could not be detected, and (b) there was no greater lactate 
formation m the presence of both pj'ruvate and acetaldehjde than with 
pyruvate alone Alcohol was determined in the distillate of a tungstic 
acid filtrate by a dichromate reduction method (10) after correction for 
the acetaldehyde present Lactate w^as measured bv the method of 
Barker and Summerson (14) after removal of acetaldehyde bj distillation 
Free acetaldehjde could not be detected during activm pjTuvate dis- 
appearance when the latter was the only substrate added to the tissue 
AceUnn Formation — Analyses for acetoin w ere performed after the usual 
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1 hour inculcation of rat brain homogenate with acetaldehyde under vanous 
conditions These conditions included (1) the use of a nitrogen atmosphere 
during mcubation, (2) the addition of diphosphothiamine, and (3) the use 
of glucose and lactate as precursors of pyruvp,te The more essential 
pomts investigated nere again combined into a single experiment on a 
homogenate prepared bj pooling three brains, so that the results v ould be 
strictly comparable These are recorded in Table II 
The highest jnelds of acetoin and correspondingly the greatest disap- 
pearance of acetaldehxde occurred in the presence of pyruvate and 

Table II 


Formatton of Acelotn in Homogenates of Rat Bratn 
250 mg of rat brain, total volume 3 3 ml , Bahne-phosphate buffer 0 05 it, pH 7 4, 
incubation 1 hour at 37° 


Sample No 

Acetalde 

hyde 

added 

Other substances added* 

Diphospho- 

thi&mine 

added 

Acetalde- 

hyde 

di«appeared 

Acetoin 

formed 


y 


mt 

7 

7 

7 

1 

104 



0 

1C 

0 

2 

104 



20 

22 

9 

3 

104 

PjTuvate 

0 0 

0 

51 

68 

4 

104 


0 6 

20 

71 

94 

5t 

104 

<4 

0 6 

20 

7C 

100 

G 

104 

I nctate 

6 0 

20 

51 

70 

7t 

104 

<1 

6 0 

20 

30 

38 

8 

104 

Glucose 

6 0 

20 

43 

59 

9t 

104 

a 

e 0 

20 

32 

41 

10 


Pyruvate 

0 6 

20 


0 

11 


(( 

6 0 

20 


11 

12 


Glucose 

6 0 

20 


0 

13 


Lactate 

0 0 

20 


0 


* Pyruvate and lactate are calculated ns the free acid 
t Nitrogen-filled flasks 


diphosphothiairune The substantial effect produced by added diphos 
phothiainine demonstrates the rhle played by this coenzyme in the 
acetaldehj'de-pyrux ate condensation, and proves that the amount of the 
coenzjnne ax'ailable in the homogenate of normal rat brain is not sufficient 
for maximum acti\ itj’’ of the enzyme Whether or not the insufficiency of 
coenzjnne for this reaction exists in the mtact tissue cannot be directly 
mferred, smee homogenization may produce a “dilution effect” or allow for 
destruction of coenzyme Acetoin formation from acetaldehyde mthout 
added pynn ate is very small and can only be detected regular^’’ mth t e 
stimulation proxided by added diphosphotluamine It must be poin 
out that the yield of acetoin in tins case is at the lover limits of detection 
by the method employed and hence represents only qualitative evidence 
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for its presence rather than quantitative estimation It is hkely, m view 
of the other results, that this formation of acetom represents largely a reac- 
tion of the acctaldchjdc with pjnivate from residual precursors such as 
glucose and lactate, although the 0025^10 from heart muscle ( 4 ) is also 
able to cau‘=o a slow condensation of 2 molecules of acetaldehyde to form 
acetom A similar small vield of acetom was observed when P3rruvate 
was added without acetaldehyde, but onlj if a high concentration was 
emplojed 

The j leld of acetom from the combination of acetaldeh3'de and pjTuvate, 
whether under aerobic or anaerobic conditions, indicates a nearly complete 
stabiht\ of the acetom formed The acetom figures in Tables II to IV 
remain uncorrected for the approximately 15 per cent loss of acetom 
mherent m the chemical determination ( 12 ) With this factor taken mto 
account, some SO per cent of the acetaldehj’de which disappears accordmg 
to the reaction CH3CHO + CHjCOCOOH = CHj— CO— CHOH— CH3 + 
CO. IS reco\ ered as acetom Acetom was entirely stable m this type of 
bram preparation 

Glucose and lactate w ere tested m the system to determme whether they 
could effectivelj' supply pyruvate for acetom synthesis from acetaldehyde 
These results are hkewise recorded m Table II Neither glucose nor 
lactate, even at concentrations higher than that of pyruvate, was as efficient 
as the latter but nevertheless led to considerable acetom synthesis The 
formation of acetom from glucose and acetaldehyde was somewhat greater 
aerobically than anaerobically In the case of lactate, a much greater 
acetom synthesis was observed aerobically 

Tests for diacetyl, even under conditions of maximum acetom formation, 
were consistently negative 

The formation of acetom from acetaldehyde and pyruvate offers a useful 
tool to determme which substances may give nse to pyruvate dunng their 
metabohsm Application of this has thus far shown that glucose and 
lactate are metabohzed through pyruvic acid m bram 

Aceloin Formation in Brain of Normal and Thiamine-Deficient Pigeons — 
The marked sensitivity of the acetom-foimmg enzjme system to a lack of 
thiamme was demonstrated m the bram tissue of normal and thiamme- 
deficient pigeons Several birds were placed on a thiamme-deficient diet 
and tube-fed m a manner previously desenbed by Swank and Bessey ( 15 ) 
Others w ere mamtamed on the usual gram diet When a bird reached the 
stage of opisthotonus (13 to 16 days), it was sacrificed and the bram tissue 
tested simultaneously with that of a normal bird The effect of added 
pyruvate and diphosphothiamme was tested on acetaldehyde disappearance 
and acetom formation in the brams of five normal and five deficient pigeons 
The results are summarized m Table III 

The findmgs wnthm each group of pigeons are quite uniform, but the 
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differences between the groups are marked The averages m each group 
may be compared for discussion In considering acetaldehyde disappear- 
ance, there is noted (1) no essential difference in the two groups when 
acetaldehyde alone is added, ( 2 ) a 160 per cent increase m the normal brains 
when pyruvate is added and only a 75 per cent increase m the brams of 
thiamine-deficient pigeons, and (3) a 17 5 per cent further acceleration 


Table III 

Acetaldehyde Disappearance and Aceloin Formation in Brain of Normal and 
Thiamine-Defiaent Pigeons 

250 mg of pigeon brain, total volume 3 3 ml , saline-phosphate buffer 0 05 m, pH 
7 4, inoubntion 1 hour at 37° 



PiRconlso 

AceUldeb> de diuppe^r 
aac« 

Acetom fonxutioa 

Braio 

alone 

With 0 6 tnj; 
pyruvatef 

WithO 6 mg 
pyni\ale 
+ 207 

dipno5pn&* 

thiamine 

^ithO 6ing 
pyruvatef 

WitbO 6 mg 
p>ruvate 
•f 20 t 
diphospbo- 
tniamme 




r 

y 

ijinU 


■^ormal 



74 

so 






59 

76 


HI 



24 

65 

70 





! 28 

68 

81 

1 S3 

57 


mBm 

[ 30 

75 


53 

57 

Average 

20 

68 

1 

1 79 

46 

I 

1 55 

Thiamine- 

1 

16 

40 

68 

10 

44 

deficient 

2 

22 

24 

60 

0 

64 


3 

23 

38 

69 

8 

45 


4 

25 

45 

73 

11 

50 


5 

30 

50 

80 

11 

44 

Average 

23 

40 

70 

8 

47 


• 104 to 110 Y were imtially present 
t Calculated as pyruvic acid 


when diphosphothianune is added to the normal brain as compared to a 75 
per cent further mcrease in the brains of thiamme-deficient buds 
corresponding effect was noted on acetom formation In this case the 
normal brains show ed an at erage formation of 46 y of acetom per 250 mg 
of bram per hour as compared to 8 t for the thiamme-deficient buds 
Additional diphosphothianune produced an increase m acetom formation 
of only 20 per cent in the normal brains, while nearly a 6-fold mcrease was 
found in the thiamme-deficient tissue The point seems pro^ ed from these 
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data that the acetnldchjdc-pjni\atc condensation ^\lth acetoin formation 
in brain tissue is dependent on diphosphothiamine and that tissue deficient 
m this factor is grcatlj stimulated witli respect to this reaction by addition 
of the cocnzjmc 

Tlie marked decrease in abihtj" of the deficient tissue to metabohze 
acetaldehjdc in the presence of pyruaate, in conjunction with the fact 
that e\ en normal homogenate is not operating maximally mth the usual 
complement of the \itamin, suggests the reaction as a possible basis for a 
sensitive functional test for thiamine deficiency The measurement of 
aerj small quantities of acetaldchjde would facilitate the use of small 
amounts of tissue 


Experiments tn Vrvo 

Seaeral rats were injected with acetaldehjde (in normal sahne) mtra- 
peritoneallj’’ in order to establish the desired conditions for demonstration 
of acetoin formation in tito A dose of 50 mg per 100 gm of body weight 
IS practically certam to kill a rat wathm 10 mmutes The animal is usually 
Ump m less than 3 mmutes and later dei'elops respiratory distress with 
gasping and finallj death On smaller doses an animal first develops an 
abnormal gait, and may walk in circles with the legs veiy hmp and extended 
to the side Equilibnum is readily lost and finallj motion is difficult or 
impossible The sjinptoms of acetaldehj de poisonmg are very similar to 
those noted dunng alcoholic intoxication in rats Most strikmg is the fact 
that it maj take only a few mmutes after the acute stage for the animal to 
become essentiallj normal again This is consonant with the fact that 
dunng the acute stage the blood acetaldehjde may reach as high as 30 mg 
per cent and 10 to 15 minutes later may be less than 1 mg per cent 
'\\Tiereas a single 100 mg dose readily kills a 200 gm rat, a similar ammal 
may receive a 20 mg dose at 15 mmute inten'als until at least a total of 
250 mg has been given without the animal showing anj’’ obiious effects 
at any time 10 mmutes after the last dose such a rat showed a blood 
acetaldehyde concentration of only 0 7 mg per cent It is apparent that 
acetaldehj de is quite toxic at higher levels but is rapidly metabohzed 

It was not regularly possible to demonstrate acetom formation m rats 
after a smgle dose of acetaldehyde This could be demonstrated, however, 
if the rat received three successive large doses of acetaldehj''de (20 to 30 mg 
per 100 gm ) mtrapentoneally and was sacrificed for blood collection 5 to 
10 mmutes after the last dose Blood was collected from the severed neck 
of the animal and a 1 5 tungstic acid filtrate prepared Acetaldehyde and 
acetom were determined in ahquots of this filtrate A summary of the 
results IS recorded m Table IV 

Blood acetom values as high as 2 7 mg per cent may be reached with the 
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technique employed If the animals ivere sacnhced 15 to 25 mmutes 
rather than 5 to 10 mmutes after the last acetaldehyde mjection, the 
blood acetaldehyde values dropped to less than 1 mg per cent and acetoin 
could no longer be detected It is, therefore, mdicated that the natural 
form of acetom formed tn vivo is rapidly mefabohzed Acetoin formation 
could not be detected after small doses of acetaldehyde or after alcohol 
admmistration, the latter producmg only Jon blood acetaldehyde values 
Simultaneous admmistration of pyruvate mth alcohol did not mcrease 

Table IV 

Formation of Acetoin in Vino 

The rats received three intraperitoneal injections at 10 minute intervals of the 
substance listed and n ere sacnficed 5 to 10 minutes after the last dose 


Rat weifibt 

Substance u^jected 

Blood acetaldebyde 

Blood 

acetom 

m 


ff»X Peretnt 

ms ftrunt 

IOS-283 

None (controls) 

0 

0* 

146-194 

100 mg Napjruvate 

0 

0 

203-242 

50 “ alcohol 

0 18, 0 21, 0 16 

0 

206-270 

60 " " + 100 mg Nn 

pyruvate 

0 20, 0 28, 0 42 

0 

193 

40 mg acetaldehyde 

3 6 

0 

118 

40 “ “ 

11 9 

1 83 

222 

68 “ “ 

14 7 

2 00 

219 

66 “ “ 

11 6 

2 13 

194 

68 “ 

9 0 

1 97 

210 

52 “ 

2 8 

1 30 

226 

60 “ 

1 1 

0 

143 

40 “ “ + 90 mg 

Na pyruvate 

4 3 

1 10 

147 

40 mg acetaldehyde + 90 rag 
Na pyruvate 

9 0 

2 74 


• Blood acetom values of 0 are actually <0 3 mg per cent 


blood acetom to detectable levels, nor when admmistered with acetaldehyde 
did it produce any obvious mcrease m acetom formation or acetaldehyde 
disappearance 


DISCUSSION 

The nearly quantitative formation of acetom from acetaldehyde m the 
presence of pyruvate by brain homogenates indicates nearly complete 
stabihty of the acetom m such a preparation This has been a technira 
advantage m the demonstration of acetom formation but of questionaoie 
value m leadmg to further understandmg of its metabolism m vivo 
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seems likclj that the failure of acetoin to be metvbolized further at an 
appreciable rate depends on a dilution or destniction of a necessary com- 
ponent of the metabolic sj'stcm involved 
Greenberg (16) injected dl-acetoin in dogs and found that the rate of its 
disappearance from the blood i\ as a rather slow process We have noted 
(unpublished experiments) a similar slow' disappearance from the blood of 
rats, again after the injection of df-acetoin Tlie m vtvo expenments 
reported in this paper would indicate that the isomer synthesized from 
acetaldehj'de in into is actuallj \ cry rapidly metabolized It could never 
be detected if more than a few mmutes elapsed betw een the last injection of 
acetaldehyde and death of the animal It seems probable, therefore, that 
it is the unnatural form of acetoin which is so slowly metabolized tn mvo 
Greenberg’s conclusion concerning the slow rate of acetoin metabohsm led 
him to the behef that alcohol docs not pass through the acetoin stage in its 
metabolism, smcc acetoin did not accumulate dunng alcohol metabohsm 
The great increase of acetaldehyde in the blood after alcohol admmistration 
and the occurrence of alcohol deh 3 'drogenase in the liver leave httle doubt 
that acetaldehyde is a product of alcohol metabohsm, and smee we have 
shown that acetoin is formed after acetaldehyde administration, it seems 
hkely that acetom actuallj can arise from alcohol Failure to detect it 
seems rather to depend on the rapid removal of the naturally formed isomer 
Bernhard (17) demonstrated the presence of deutenum in the acetyl 
group of acetylsulfanilamidc excreted by rabbits receiving deutenoethyl 
alcohol and sulfanilamide Doisy and Westerfeld (18) have more recently 
shown that acetom is a precursor of the acetylating agent The isotope 
studies of Fishman and Cohn (19) mdicate, however, that neither pyniiate 
nor acetate can be the direct acetylatmg agent The conclusions reached 
m this paper concemmg the path of alcohol metabolism would, therefore, 
suggest the utihzation of the acetoin pathway in the formation of the 
acetylatmg agent 


SUMMARY 

1 Acetaldehyde is metabohzed when meubated with rat brain homoge- 
nates Its rate of disappearance is greatly accelerated by addition of 
pyruvate and further increased by addition of diphosphothiamine 

2 Pyruvate disappearance is also accelerated by the addition of acetalde- 
hyde but the effect is not as pronounced owing to an initially high rate of 
pyruvate metabohsm 

3 Acetom (acetyhnethylcarbmol) is formed nearly quantitatively m rat 
bram homogenates from acetaldehyde m the presence of pyruvate The 
same factors which accelerate acetaldehyde disappearance also mcrease 
acetom formation 
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4 Brain tissue from tliiamine-deficient pigeons shoivs a markedly lower 
ability to form acetoin from acetaldehyde and pyruvate and is stimulated 
m this respect to a greater extent than normal pigeon bram by 
diphosphothiamme 

5 Certam toxic manifestations of acetaldehyde m rats have been 
described and a procedure developed whereby acetom formation from 
acetaldehyde was demonstrated tn vivo by the appearance of acetom m 
the blood 
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ALCOHOL METABOLISM IN THI V:\ITM'. DEIICIEXCY 
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Btoehemieal Ijohoratory of the McI ean Hospital, Wnierleii, Mo-saelnisctls) 

(Received for pubhcntion, October 11, 1043) 

V relationship of f hnminc to alcohol metabolism is implu d in the theorv^ 
of intcrmedian acetoin formation (1), since the latter would be foimed 
from p^ru^atc and acetaldelodc (arising from ilcohol oxidation) by i 
diphosphothiaminc cnzvme s\stem (2) Studies iti intro (3) showed that 
the metabolism of acetaldclnde and the foimation of acetoin in brain biei 
were markcdlj decreased in thiamine dcficicncv , both were restoicd by 
the addition of diphosphothiamine V need for thiamine in the metabolism 
of alcohol was clearh indicated In the chnic,vl studies of folliffc cl at 
(4, 5) m which thev found that chronic altohohes showing symptoms of 
poljmeuritis rccen ed enough du tarv thiamine to metabolize the food eaten 
but an inadequate amount to metabolize both the forxJ and the alcohol 
No evidence for this lelationship was found in i its, since alcohol adminis- 
tration actually delajed the onset of the pohneuiitis syndiomc (0) 

From these considerations, it seemed possible to obtain direct evidence 
of a relationship between thiamine and alcohol metabolism by studying 
the lattei dunng thiamine deficiency However, the results have shown 
that the rate of alcohol metabolism is not decreased dunng thiamine 
deficiencj', nor was anj change noted in the effect of pyruvate in increasing 
the rate of alcohol metabolism (1) A previous study (7) showed that the 
oxidation of alcohol to acetaldehyde is normallj the limitmg reaction in 
alcohol metabolism, i e , the metabolic removal of acetaldehyde is much 
more rapid than its formation from the alcohol The present studv indi- 
cates that even during thiamine deficiency the latc of acetaldehyde metabol- 
ism IS not sufficiently reduced to become the limiting factor in alcohol 
metabolism This is not to be interpreted as necessanlj' indicating that 
thiamine is unessential for the metabolism of alcohol 

EXPERIMENTAL 

Alcohol Metahohsm in Normal Pigeons — Alcohol metabolism was studied 
m pigeons by measuring its rate of decrease in the blood ovei a period of 
5 hours The alcohol was administered by an intramuscular injection of 
15 cc per kilo of a 19 per cent (by volume) solution of alcohol The blood 

* Present address, Xew York State Agricultural Experiment Station, Cornell 
University, Geneva, New York 
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alcohol concentration was determined (1) on 0 2 cc portions of blood inth- 
drawn by syrmge from the wmg veins at 1 hour intenals Equihbnum 
was usually estabhshed m pigeons withm 120 mmutes of the alcohol 
adnunistration, and the blood alcohol thereafter decreased as a linear 
function of time 

In Table I are summarized the alcohol ovidation rates obtained mtb a 
group of nohnal pigeons that had been fed a diet of mixed gram ad libilum, 
and a second group that liad been force-fed a high carbohydrate diet for 
10 days The latter group was fed Diet III of Swank and Bessey (8), 

Table I 


Alcohol Mciaboltsm tn Normal Ptffeons 


Diet 

Pigeon weight 

Blood alcohol 
coDcentration at 

0 time 

(hy ejrlrapohiDofl) 

Decrease of blood 
alcohol 

At tUrt of diet 

At lime of 
detennlniiig Alcohol 
curve 


cm 

{■■QIHII 

HlQQQn 

me per fenl per hr 

Mixed gram ad 




20 

Itbilum 




14 



460 

180 

17 



484 


17 



607 

182 

16 

‘S' 


348 

179 

17 

Average 

17 

High carbohydrate 

608 

529 

179 

24 

diet, force-fed 

680 

005 


23 


496 

480 

184 

18 


652 

590 

212 

27 


430 

463 

185 

31 

Average 

25 


except that the yeast was not autoclaved and the diet was supplemented by 
the mjection of 0 5 mg of thiamme every 3rd day The birds on a mixed 
gram diet oxidized alcohol at a rate that caused the blood alcohol to 
decrease an average of 17 mg per cent per hour This was mcreased to 
25 mg per cent per hour on the high carbohydrate diet A high rate of 
alcohol oxidation was previously observed (9) m rats fed an all carbohydrate 

Alcohol Metabohsm tn Thiarmne-Dejunent Thiamine-deficient 

pigeons were obtamed by the daUy force feedmg of the Swank and Bes^y 
Diet in until opisthotonus appeared An alcohol curve was run a e 
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tunc the birds nore show mg head retraction They were then given daily 
mjections of 0 5 mg of thiamine intramuscularly foi 7 days The force 
feeding of the diet was continued as before, and at the end of the penod 
of thiamine injections the rate of alcohol metabolism was agam determined 
on each pigeon 

At the same time, an additional group of pigeons was fed the same diet 
and also mjccted with 0 5 mg of thiamine daily from the begmnmg of the 
experiment to act as paired controls for some of the thiamme-deficient 
birds After an intenal correspondmg to the time reqmred to develop 
opisthotonus m the paired control, an alcohol curve was run These 
pigeons w ere then continued on the same regime for an additional 7 days, 
and a second alcohol cun’e w as run 

The data arc summanzed m Table II From the average rates of 28 5 
mg per cent per hour dunng opisthotonus and 33 mg per cent per hour 
after thiamme injection, it might appear that the rate was decreased m 
thiamme deficiency However, a similar mcrease was obtamed m the 
control group that had received adequate amounts of thiamme throughout 
Moreover, the rate of 28 5 mg per cent per hour durmg the deficiency penod 
was as high as that observed m the control group It is evident from these 
data that the rate of alcohol metabohsm is more dependent upon the length 
of time the pigeons w ere fed a high carbohydrate diet than on the presence 
or absence of thiamme m that diet Certamly thiamme deficiency did not 
decrease the rate of alcohol metabolism 

The absence of thiamme m the diet did not prevent the deposition of 
hver glycogen, even though the birds were losmg weight Values of 3 to 
6 per cent hver glycogen were obtamed by the usual method of analysis 
(10) m a senes of pigeons ivith opisthotonus Similar values were previ- 
ously reported for normal and thiamme-deficient pigeons (11, 12) and show 
that m thiamme deficiency there are adequate carbohydrate reserves to 
mamtam the rate of alcohol metabolism 

Alcohol Metabolism m Thiamine-Deficient Dogs — Three thiamme-deficient 
dogs were obtamed by a prehmmary feedmg ad libitum of autoclaved 
dog chow for 5 weeks, followed by the feedmg of 200 gm of the 
Swank and Bessey Diet III daily by stomach tube for 5 to 19 days The 
diet W'as supplemented by an mjection of 25 mg of calcium pantothenate 
each week Marked thiamme deficiency was first mdicated by vomitmg 
of the food that had been fed by stomach tube, and this was followed withm 
1 or 2 days by partial paralysis of the legs, particularly the lund legs 

The effect of pyruvate admmistration on the blood alcohol curve was 
observed (o) before the dogs were placed on the diet, (b) while they were 
showmg the paralytic sjunptoms of thiamme deficiency, and (c) once each 
week after thiamme had been adimnistered The dogs were reheved of 
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Table II 


Alcohol Metabolism in Thiamine-Deficient Pigeons 



DieUrv 

period 

preceding 

opistho- 

tonus 

Pigeoa weight 

Alcohol curve during 
opisthotonus 

Alcohol curve after 
thiamine injection 


At start 
of diet 


After 

(hiaminc 

injections 

Blood 
alcohol 
concen 
tration at 
0 time (by 
extropo 
lalion) 

Decrease 
of blood 
alcohol 

Blood 
alcohol 
concen 
tration at 
0 Urac (by 
extra po 
btion) 

Decrease 
of blood 
alcohol 


days 

m 


jw 



mg per 
cent 

mg per 
cent per hr 

Thiamine- 

12 

340 

32G 


238 

21 

205 

31 

deficient 

12 

451 

437 

477 

207 

33 

239 

35 

pigeons 

12 

442 

359 

431 

239 

22 

234 

29 


14 

490 

390 

440 

228 

23 

219 

3S 


14 

418 

383 

413 

202 

29 

240 

48 


IS 

440 

428 


270 

27 

274 

38 


15 

350 

340 

373 

230 

37 

224 

39 


IS 

451 

384 


259 

27 

222 

24 


18 

430 

382 

422 

270 

41 

194 

28 


10 

377 

310 


225 

26 

190 

27 


10 

344 

366 

389 

201 

27 

176 

24 


23* 

419 

378 


235 

31 

204 

31 


25 

397 

340 

382 

193 

26 

226 

38 


32t 

375 

352 


221 

27 



Average 

28 5 


33 



Pigeon weight 

Ist alcohol curve 

2nd alcohol curve 


Dietary 
period 
preceding 
1st alcohol 
curve 

At start 
of diet 

At time 
of Ist 
alcohol 
curve 

At tunc 
of 2nd 
alcohol 
curie 

Blood 
alcohol 
conceb 
Cratlon at 

J time (b> 
extrapo- 
lation) 

Decrease 
0 / blood 
alcohol 

Blood 
alcohol 
concen- 
tration at 

0 time (by 
extrapo- 
lation) 

Decrease 
of Wood 
alcohol 


days 



gm 

B 

B 

mg per 
cent c 

mg per 
tnt per hr 

Control 








40 

pigeons 

15 

305 

413 

411 


23 

250 

IS 

427 

452 

478 

214 

22 

209 

29 


IS 

485 

495 

503 


18 


28 


19 

445 

489 

474 

267 

32 

207 

27 


19 

380 

417 

423 

217 

32 

194 

32 


20 

401 

430 

408 


25 

262 

30 


22 

344 

388 

431 

202 

28 

254 

33 


23 

472 

554 


265 

34 

272 

36 

Average 

26 6 

-- 

32 


* OpisUiotomis 3 days prcMousIy cured uith 10 7 of thiamine 
^ Iso opisthotonus developed, not included in the average of the group 
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the dcficicncj’’ sj’mptDms, bIiiIc (lie same force-fed diet was continued, by 
an initial injccfioii of 20 mg of tliiamme folloiied by 10 mg of thiamine 
e\erj 2nd daj thereafter for 2 weeks The symptoms disappeared 
completely a few da'^s after the first thiamine injection 
Tlic effect of pjnnntc administration on the blood alcohol curve was 
measured ns prcviouslj described (1) except that the pyruvate was mjected 
mtraaenously to axoid possible absorption complications dunng the 
deficiency None of the thinmmc-deficient dogs vomited the 20 pei cent 
alcohol adrrunisterod bj stomach tube even though they had vonuted their 
food the previous dnj Blood pjTUvate (13) and lactate (14) values were 
measured simultaneouslj wath the determination of the rate of alcohol 
oxidation 


Results 

Similar results were obtamed on all three thiamme-deficient dogs 
Fig 1 sliows the effect of pyruvate on the alcohol curve m one of these 
dogs during thiamme deficiency and after thiamme treatment for 1 week 
PjTui ate w’as effective in mcreasmg the rate of alcohol metabohsm from 9 
mg per cent per hour to 19 mg per cent per hour dunng thiamine 
deficiency, and from 15 mg per cent per hour to 19 mg per cent per hour 
after thiamme treatment Thiamme deficiency did not prevent or impair 
the pyruvate effect m any one of the three dogs studied Additional curves 
obtamed dunng the succeedmg w eeks after restoration to the normal state 
did not show any significant differences 

The control rate of alcohol metabolism was higher after thiamme ad- 
ministration, but this IS of doubtful significance because of the considerable 
vanation that was encountered in the control rate of alcohol metabohsm 
m the same dog from week to week There was no obvious correlation of 
the rate of alcohol metabohsm with previous treatment or dietary regime, 
except that dogs fasted 1 week had a shghtly lower rate of alcohol metabol- 
ism than when they were well fed In general, pyruvate admmistration 
mcreased the rates to 19 to 25 mg per cent per hour irrespective of the 
mitial control rate, pyruvate administered orally seemed to be somewhat 
more effective than when it was admmistered mtravenously 

Blood Pyruvate and Lactate Changes — In the three thiamme-deficient 
dogs, the blood pyruvate was mcreased from a normal level of about 1 5 
mg per cent to 3 5 to 4 5 mg per cent The lactate-pyruvate ratio also 
changed from a normal value of about 8 1 to 5 1 After thiamme treat- 
ment for 1 week, the blood pyruvate fell to about 2 mg per cent and the 
lactate-pyruvate ratio returned to 8 1 Further thiamme treatment 
produced little additional change either m pyruvate levels or the lactate- 
pyruvate ratio 
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Flo 1 The effect of intravenously injected pyruvate on alcohol metabolism during 
thiamino deficiency and after thiamine treatment Dog lOM, weight onginallj 
14 0 kilos, thiamine deficient 0 0 kilos, after 1 week of thinmme treatment 9 3 kilos 
25 cc of 95 per cent alcohol were given m a 20 per cent solution by stomach tube at 
zero time 60 cc of 10 per cent sodium pyruvate were injected intravenously at 
each arrow Rates of decrease of blood olcohol in mg per cent per hour, thiamine- 
dcficicnt control 9, after pyruvate 19, thiaminc-trented control 15, after pyruvate 
19 



rio 2 The blood pyruvate and lactate response to alcohol feeding during thiaia ae 
deficiency and after thiamine treatment Dog lOM, weight originally 14 6 kilos, 
thinnunc deficient 9 0 kilos, after 2 w eeks of thiamine treatment 9 3 kilos 25 cc o 
95 per cent alcohol were given m a 20 per cent solution by stomach tube at zero time 
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Fig 2 shows the chinges m blood pjni%ate and lactate after alcohol 
administration to a thianiinc-dcficient dog and to the same dog after 2 
weeks of thiamine treatment During the deficiencj, the administration 
of alcohol caused a sharp fall in the blood pyru\ale leiels, but the blood 
lactate increased instead of showing a parallel fall In all of the cunes 
run after thiamine treatment, the alcohol administration caused a parallel 
fall in both the p^ ru\ ate and lactate 

DISCUSSION 

Tlie rate of alcohol metabolism was not decreased durmg thiamme 
deficlenc^ Xormalij alcohol metabolism is limited bj the rate of its 
oxidation to acetaldch^ de, and the metabolic remo\al of acetaldeh}''de is 
too rapid to affect this oxidation (7) A decrease m the rate of alcohol 
metabolism dunng thiamine deficienc 3 could be expected only if the 
enzj-me sj stems responsible for the metabolism of acetaldeh} de (of which 
one IS a diphosphothianune enzyme) were depleted to such an extent that 
the remoi al of acetaldchy de became the limiting factor m alcohol oxida- 
tion Obnously , this did not occur Either the major part of the 
acetaldehj de is metabohzed by' enzyunes not requinng diphosphothianune 
for their action, or there is sufficient diphosphothianune present even in 
seiere thianune deficiency to allow the metabohsm of acetaldehyde to 
proceed at a faster rate than it can be formed from the alcohol 

Pyruiate was just as efifectne m mcreasmg th^ rate of alcohol metabol- 
ism m thianune-deficient dogs as it was m normals This effect nught be 
unpaired m thianune deficiency if it were due to a condensation of the 
pyruvate with acetaldehyde, as ongmally suggested (1) No change m 
the pyrui ate effect on alcohol metabohsm m thianune deficiency would be 
anticipated if it w ere due to a coupled oxidation-reduction of the pyruvate 
and alcohol (7) The results are additional endence m support of the 
latter explanation 

The blood pyruvate and lactate changes resultmg from the thi amin e 
deficiency' m dogs were analogous to the results prenouslv reported for 
pigeons (15) However, an explanation for the changes m these con- 
stituents observed after alcohol a dminis tration is not entirely clear A 
decreased blood pyruvate would result from the dismutation reaction with 
alcohol (7), but the expected lactate nse was obsen ed only durmg thianune 
deficiency and not after restoration to normal A parallel fall m blood 
pyruvate and lactate was also obseiw'ed when alcohol was a dminis tered 
to dogs that were mamtamed on a normal diet Some normal dogs showed 
very httle change m either the blood pyruvate or lactate after alcohol 
mgestion, and this appeared to be correlated with low imtial levels 

The symptoms of thiamine deficiency have occasionally been attnbuted 
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to the elevated blood pjruvate pa sc, and the delated onset of polj-neuro 
pathj m thiamine deficient rats fed alcohol (C) might, therebj , be attnbuted 
to a reduction m the blood pyruaate level bj the alcohol On the other 
hand, the intravenous injection of 100 cc of 10 per cent sodium pjrtnafe 
mto one of the thiamme-deficient dogs had no effect on the dog’s abihti 
to M alk or on anj of the othei dcficiencj s} mptoms, even though the blood 
pjTuiate rose from 5 mg per cent to 139 mg per cent after the injection 
and remained abo\ e 10 mg per cent for at least 1 hour It is more prob 
able that the sj mptoms are caused bj the inabihtj of certain tissues 
(especially neiamus tissue) to earn' on a normal metabolism, vhich m^ oh es 
as an essential step the metabohsm of pj nil ate bj' a diphosphothiamine 
enzjTne system 


SHMMART 

The concentration of blood alcohol decreased at an average rate of 17 mg 
per cent per hour m pigeons fed a mixed gram diet ad libtium and 25 mg 
per cent per hour « hen fed a high carboh 3 'drate diet for 10 daj s The rate 
of alcohol metabohsm was not decreased dunng opisthotonus 

Pjmvatc admmistcred intrai enouslj was equallj effectiiem increasing 
the rate of alcohol metabolism dunng thiamine deficienc} in dogs and after 
thmmmc treatment 

Blood pynivatc w as elevated in thmmme-deficient dogs, and the lactate- 
pjTUvate ratio was decreased The admimstration of alcohol to thiamine 
deficient dogs decreased the blood pynnmtc and increased the blood lactate, 
after thiamine treatment, the alcohol administration caused a parallel fall 
m both the blood pj’nivate and lactate 
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STUDIES ON BILE ACID METABOLISM* 

SEPAILVTION AND IDE\TiriCATIO\ OE KETOCIIOLANIC ACIDS 
FORMED DERING OXIDVTIOX OF CHOLIC ACID BY 
ALCALIGENES FAECALIS 

Br WILLARD M IIOEHX, L 11 SCHMIDT, avd HETTIE B HUGHES 

(From the liescarch Laboratories, George A Dreon and Company, Kansas City, 

Uissoori and the Institute for Mcdieal Research, Christ Hospital, Cincinnati) 

(Rccci\cd for publicition, October 14, 1043) 

A prc\ lous sludj (1) showed that catabohsm of chohe acid took place m 
the cecum of the guinea pig through the action of a Gram-negative bacillus 
identified as Ucaligcncs faccalis Further e\penments (2) showed that this 
organism, cultured aerobicallv in a simple S3Tithetic medium contammg 
chohe acid, oxidized this bile acid to kctocholanic acids Quantitative 
studies (2) suggested a stepwise oxidation wath successive formation of 
mono-, di-, and tnketocholanic acids The end-product, identified as 

3.7.12- tnkctocholanicacid (dchjdrocholic acid), was isolated from suitable 
digests in 85 pier cent of theoretical jnelds Tlie mtermediate reaction prod- 
ucts (i c , the mono- and diketocholanic acids) w ere not isolated m pure 
form nor adequatelj identified Crude acid nuxtures contammg these 
mtermediates gave negatii e Zimmermann reactions, mdicatmg the absence 
of a carbonyl group at Cj (3) On the basis of this findmg, it was tenta- 
tively suggested that the monoketo acid was either 3,7-dihydroxj’’-12- 
ketocholanic or 3 , 12-dihj'dro\'y-7-ketocholamc acid, whereas the diketo 
acid was most hkely 3-hj'’drox}-7,12-diketocholamc acid 

The mtermediate reaction products have been more precisely identified 
m the present study One of us (W M H ) has previously studied the 
separation and identification of ketocholanic acids formed dunng oxidation 
of chohe acid with chromic acid The methods developed m this work (4) 
were apphed to the present problem Through use of these procedures, it 
has been shown that 3 , 12-dihj'’droxy-7-ketocholamc acid and 3-hj’’droxy- 

7 . 12- diketocholanic acid are two of the mtermediate derivatives formed 
dunng bactenal oxidation of chohe acid to tnketocholamc acid 

EXPERIMENTAL 

A schematic outlme of the methods used m the separation and identifica- 
tion IS shown m the accompanjung diagram Details of the procedures are 

* Reports of parts of this studj were presented before the meeting of the American 
Society of Biological Chemists at Boston, Apnl 1, 1942, and the American Chemical 
Societj at Memphis, April 20, 1942 
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as follows Crude acid precipitates, containing \anous amounts of un- 
changed cholic acid and intermediate cadation products, were prepared 
from filtrates of cultures of Alcahgcnes faccahs in media contammg cholic 
acid The methods of prcpanng the digests, as w ell as the procedures for 
determinmg cholic acid and heto acids, haie been described heretofore 
(2, 5, 6) 

Preparation of Methpt Esters arid Separation of Methyl Cholate and Meth/1 
Dchydrodwlatc — The crude acid precipitate was dned to constant weight at 
110®, and a 'weighed sample was dissohed in twice its weight of a 2 per cent 
solution of sulfunc acid m methyl alcohol, solution bemg effected bj gentle 
heating whenever necessary The solution was chilled, then seeded with 
methyl cholate to induce crj'stallization Methyl cholate cij’stalhzed 
withm a short tune w hen the acid precipitate contained 15 per cent or more 
chohe acid The crystals of this ester were separated by filtration, washed 
■with a small qiiantitj of cold meth}'! alcohol, and reci 3 ’stalhzed from anhj- 
drous ether Tiie resultmg product (mp 152-153®, (cf}“ = -fSG® ± 1°) 
show ed no depression m melting pomt w hen mixed wnth pure methyl cholate 
(m p 154-155®) Wlien the estenfymg solution did not jneld methjl cho- 
late crystals wnthin a few hours, the mucture was allowed to stand at room 
temperature for seieral dajB and agam chilled If no crystallization oc- 
curred at the end of this time, wafer was added to 15 per cent of the ongmal 
^ olume and the solution chilled for 24 hours TPlien 5 per cent or more 
dehjdrochohc acid was present m the ongmal precipitate, methyl dehydro- 
cholate crystallized in clusters of needles Such crj’stals were filtered, 
w ashed with 85 per cent methyd alcohol, and dned to constant weight This 
compound melted at 232-234° and showed no depression m meltmg point 
when iriLxed with an authentic sample of methyl dehjdrocholate 
Preparation and Separation of Semicarhazoncs — The mother hquor, re- 
mainmg after remo\al of the bulk of methyl cholate and methyl dehydro- 
cholate, w as diluted w ith 20 1 olumes of cold wafer and cooled to 15° The 
aqueous layer was decanted, warm water (60®) added, and the aqueous 
phase adjusted to pH 7 0 to 7 5 by addition of sohd sodium bicarbonate 
After the mixture cooled, the aqueous layer was decanted, the resmous 
residue w as w ashed se\ eral times with water and dissolved m approximately 
10 times if s w eight of methyd alcohol This solution w as then nuxed inth a 
solution' of semicarbazide hydrochlonde and sodium acetate in methyd 
alcohol and heated on a bath of boilmg water for 1 hour The reaction 
mixture was cooled, then poured into a large volume of water, and chilled 

1 The solution of semiorbazide h^ drocUonde and sodium acetate w as prepared 
as follows For each 10 gm of the original crude ncid precipitate, S 2 gm ofsemicar- 
baiide h> drochlonde and an equal moleculnr quantity of sodium acetate wore s- 
BOhedinlOcc of w ater and diluted with 10 cc of methyl alcohol 
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Separation and Identification of Oxidation Products of Chohe Acid, 

cih cn, 

R = hi—cniCH coon, R’ = hn—cnjoii cooch,, Bz = cjiiC^o 
i I i 


Crude aad ppt (mixture of oxidation products) 
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The ^Iting precipitate vas filtered off, vashed thoroughly wth water 
and dried ’ 

The dried powder, a mi\ture of semicarbazones with a small amount of 
meth}l chohte, was then extracted with anhjdrous ether to remove the 
methyl chohte The residue w as dissoK ed in 4 parts of warm methyl alco- 
hol and stored at 5° until crystalhzation occurred The raatenal separatmg 
at this point was filtered off and dned and has been designated the "di- 
semicarbazone ” The mother liquor was diluted with seveipl volumes of 
water, the resulting precipitate was filtered off and dned and has been 
designated the "monoseraicarbazone ” 

Preparation of S~Hydroxi/-7,12'djketoclioIanic Acid by Hydrolysis of Dt- 
semtearbasone — The disemicarbazone, mentioned above, was recrystailized 
from methyl alcohol and dned to constant w eight A 2 gra portion of this 
matenal was added to a solution contammg 10 cc of 50 per cent methyl 
alcohol and 5 cc of concentrated sulfunc acid, and the mixture refluxed for 
10 minutes and then diluted with a large volume of water The resulting 
precipitate was filtered off, redissoKed m 10 cc of 2 n sodium methoxide m 
methyl alcohol, and refluxed for 20 nunutes This reaction mixture was 
poured into 3 volumes of water, heated to remove alcohol, then acidified 
with dilute hydrochlonc acid The precipitate that formed was filtered, 
oshed with cold water, suspended in 100 cc of boilmg water, and the 

er solution decanted into a beaker Crystals formed as this solution 
cooled, these were punfied by recrj’stalhzation from ethyl acetate, mp 
188-189°, [a 1 S’ = +30 8° (alcohol) The compound contamed two car- 
bonyl groups accordmg to analysis by the Hughes procedure and gave a 
negative Zimmermann reaction When mixed with an authentic sample of 
3-hydro\y-7,12-diketochoIanic acid (m p 187-189°), there was no depres- 
sion of meltmg pomt 

Reactions of Monoscmicarhazonc Hydrolysis — 20 gm of the monosemi- 
carbazone, 20 cc of 50 per cent methyl alcohol, and 10 cc of concentrated 
sulfunc acid were mixed together, heated for 30 mmutes on a bath of boiling 
water, then dduted wth 500 cc of cold water. The resulting precipitate 
•was filtered off, resuspended m 50 cc of 1 N sodium hydroxide, and the 
mixture heated to obtain complete solution After cooling, the solution 
was acidified with dilute hydrochlonc acid, the resultmg acid precipitate 
bemg filtered| washed ivith warm water, and dned 
This crude acid precipitate, ~ +16° (methyl alcohol), would not 
ciystalhze from ether, acetone, ethyl or methyl alcohol, petroleum ether, 
benzene, ethyl acetate, or combinations of the abox e solvents, or from dilute 
dioxane = The compound gave negative Zimmermann and Gregory-Pascoe 


> In unpublished 'work one of us 
crystallized from dilute acetone or 


(W M H) has found that the crude acid may be 
dilute methanol and has been found to melt at 163- 
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reactions, and when treated with Girard’s Reagent T according to the 
Hughes procedure did not form a mercunc iodide hydrazone When the 
crude acid was rccona erted to the methyl ester and treated with semicarba- 
zide as described pre\ loiish , a monosemicarbazone w^as formed (m p 
178-180“) 

Fonnaiton of Dcsoxycliohc Acid through Wolff-Ktshner Reduction of 
Monosemicarbazone — 10 gm of monosemicarbazone, 10 gm of sodium, and 
100 cc of meth\l alcohol were placed in a bomb and heated at 180° for 30 
minutes Tlic resulting mixture was cooled, diluted with 50 cc of water, 
and filtered Tlic filtrate t\as acidified wnth dilute hydrochloric acid, the 
precipitate formed bemg filtered, washed with three 100 cc portions of boil- 
mg water, and dned (jneld 8 gm ) This crude acid was crj^stalhzed from 
glacial acetic acid and dned at 100° (m p 139-140°, [q;]d’ = +57° ± 2°) 
RTien this compound was rmxcd with a sample of acetic acid-choleic acid, it 
show ed no depression of melting point "ftTien treated m the usual manner 
for coniersion of acetic acid-choleic acid to desoxychohe acid, the above 
compound yielded dcsoxj chohe acid (mp 170-173°, [q:]“ = +57° ± 1°) 
This desoxychohe acid showed no depression m the meltmg pomt when 
mLxed wath an authentic sample of desoxychohe acid 

Formation and Reactions of Benzoxy Derivative of MonoKeto Acid — The 
crude monoketo acid obtamed from hydrolysis of the monosemicarbazone 
was converted to the benzoxy derivative as follow's 8 gm were dissolved 
m 20 cc of a solution of 2 per cent sulfunc acid in methyl alcohol This 
solution w'as allowed to react for 2 hours, and was then diluted wath 150 cc 
of benzene and washed successively wath w'ater, 1 n sodium hydroxide, and 
water to remove the methjd alcohol and sulfunc acid The benzene was 
removed by distillation and the residue dried in vacuo This dned methyl 
ester was redissolved m 12 5 cc of benzene, to this solution 3 cc of dry 
pyndme and 2 4 cc of benzoyl chlonde were added This mixture was 
allowed to react for 12 to 16 hours The benzoxy denvative, separated by 
conventional procedures, was ciystalhzed from dilute methyl alcohol, 
yield 7 1 gm , m p 145-146°, [a]“ = +41 5° (methyl alcohol), saponifica- 
tion eqmvalent 255 8, C 72 94 per cent, H 8 14 per cent =1 Assummg that 

the compound was a monobenzoxjononohydroxymonoketocholamc acid, it 

should have had a theoretical saponification equivalent of 262 and should 
have contamed 73 11 per cent C and 8 63 per cent H 

This benzoxy denvative formed a hydrazone when treated wath Girard’s 
Reagent T 50 mg , treated accordmg to the Hughes techmque, yielded 


164°, [or]” = 0 0° ± 1° This crystalline acid was recrystallized from ethyl acetate 
with excellent recovery and melted at 199-200°, [a]” = 0 0° ± 1° 

* These analyses were performed by the Arlington Laboratories, Chagrin Falls, 
Ohio 
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109 mg of mercuric iodide li 3 dnzone This amount uas 101 3 per cent of 
the theoretical saeld required for conversion of a methyl ester of a mono- 
benzoxjmonohjdrox-j-monoketocholamc acid to its correspondme hv- 
drazone 

Tlie benzoxj deniative i\as conierted to a semicarbazone as follows 1 
gm ofthecrjstallmedenvatiie, Igm of semicarbazide hydrochloride, and 
0 9 gm of sodium acetate Mere added to 50 cc of methjd alcohol, and the 
mixture refluxed for 15 minutes, concentrated to turbidity, and diluted with 
iiater The precipitate that formed was filtered off, dissolved m 10 cc of 
methyl alcohol, and reprecipitated bj the addftion of water This latter 


Table I 

Separation of Keiocholanic Acids Formed dunng Oxidation of Cholte Acid hy 
Alcaligenes faeealis 


Acidppt 

ComposiUoQ of aad 
Ppt 

eight of 
sample 
fraction* 
ated 

Cholsnic aod denvallves isolated 

Recovery 

Oiofic 
Acid j 

Dem’a 
tucsof i 
cholic 
acid 

Cholic 

aod 

ifonotcfo* 
choUmc 
addf j 

Pikcfo- 

choUnic 

aadt 

Tritcfo- 

cholanic 

acids 



P<r cent 

tm 

per cent 

per cent 

ftr Cent 

per cent 

per cent 

A 

35 3 

64 7 

22 

3i 4 

65 0 



99 4 

B 

34 0 

65 4 

20 

35 8 

64 0 



99 8 

C 

3 3 

06 7 

20 

2 9 

78 5 

5 5 

13 3 

100 2 

D 

4 5 

95 5 

17 


35 6|) 

23 0 

4 1 

62 7 


* Isolated ns methj 1 cholate 
t Isolated as mothj 1 ester of monosemicarbazone 
t Isolated as methj 1 ester of disemicnrbazone 
§ Isolated as methyl dehjdrooholatc 

11 Approximate! j half the product was lost during a transfer of the monosemi 
carbazone 

precipitate was dned at 110" and extracted with 50 cc of diy ether The 
resultmg compound had a meltmg pomt of 178-180° There w as no depres- 
sion m meltmg point when this matenal was mixed with equal quantities of 
the semicarbazone of the methjd ester of 3-beiizDxy-12-h3''dro\y-/-keto 
cholanic acid (7) 

The benzoxy derivative w as oxidized wath chromic acid as follows 1 gm 
was dissoh ed in 20 cc of glacial acetic acid, this solution was cooled to 15°, 
iiuxed ivith a solution of 0 99 gm of chromic acid m 25 cc of 90 per cent 
acetic acid, allowed to react for 30 mmutes, and then diluted with several 
volumes of water This dilute solution w as extracted wuth ether, the et er 
ex-tract was washed with water to remove acidic and colored substMca, 
then evaporated to dryness The residue was ciystalhzed from dilute 
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■ractlij'l alcohol, dncd, and o\(ract-cd with ether The resulting compound 
had a melting point of 119-120° and showed no depression of meltmg point 
when mi\od w ith an authentic sample of the methyl ester of 3-benzo\y-7 , 12- 
diketocholanic acid (8) Saponification of the above benzoxy derivative 
yielded 3-hydro\j -7,12-dikctocholnnic acid (mp 187-188°) 

Apphcation of Ahoic Procedures to Digests of Cholic Acid — The above 
procedures have been applied to four different digests of cholic acid Ac- 
cordmg to the data presented in Table I, the monoketo acid seemed to be 
the sole reaction product when the acid precipitates contained about one- 
third cholic acid WOicn the precipitates contained detectable amounts 
but less than 5 per cent of cholic acid, the monoketo acid was still the 
prmcipal product, but appreciable quantities of diketo and tnketo denva- 
tnes were also present 

Comment 

The preceding data suggest that 3,12-dihydro\y-7-ketocholanic acid 
IS the first product of the oxidation of cholic acid by Alealtgenes faecahs 
Although this compound has not been isolated as such from the digests, 
its presence in the digests has been proved by (1) preparation of its mono- 
semicarbazone and reduction of this compound to desoxychohe acid, and 
(2) preparation of a benzoxy deni ative of the methyl ester identical with 
an authentic preparation of the methjd ester of 3-benzoxy-l2-hydroxy-7- 
ketocholanic acid 

The data further suggest that 3-hvdroxy-7 , 12-diketocholanic acid 
IS the second product of the bactenal oxidation of cholic acid This keto 
acid was separated from the crude digests as the disemicarbazone and 
isolated from this derivatii e in pure form 
These findings are of interest, for they show that Alealtgenes oxidized 
the hjdroxyl at C7 first and that at C3 last This order of oxidation 
7 > 12 > 3 IS the same as that observed by Gallagher and Long (9) m the 
oxidation of cholic acid by chromic acid This order has been suggested 
previously by the w ork of Kaziro and Shunada (3) and Hoehn and Schnei- 
der (7) Haslewood (10) hkewase confirms this findmg 

One other observation deserves mention, namely, the failure of 3,12- 
dihydroxy-7-ketocholanic acid to react with Girard’s Reagent T * This 
observation is of especial interest, for m an earher study (2) it was noted 
that the amount of mercuric iodide hydrazone obtained from certain 
digests was onty a fraction of that which should have been obtamed if all 

' Through the courtesy of Dr T T Gallagher we obtained a sample of 3,12-dihy- 
(lro\y-7-ketocholanic acid prepared by oxidation of cholic acid with c 
This compound, like that prepared through bacterial oxidation of cholic aci , i no 
form a mercuric iodide hydrazone 
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the chohc acid that disappeared from the medium had been com erted to 
a monoketo acid This apparent discrepancy is explained b> the finding 
that the 7-ketodihydroxy acid does not react with Girard’s Reagent T 
This ketocholanic acid is the only one thus far studied which does not 
form a Girard hydrazone 

SUMMARY 

The present study was designed to determme the composition of the 
mono- and diketocholanic acids formed dunng bacterial oxidation of 
chohc acid to dehydrochohc acid Methods were developed for the 
separation of unchanged chohc acid and its oxidation products as present 
m crude acid precipitates derived from bacterial digests The methods 
involved estenfication of chohc acid and denvatives, separation of the 
esters of chohc and dehydrochohc acid from those of other keto acids by 
fractional ctystalhzation, formation of the semicarbazones of the mono- 
and diketocholanic acids, and finally separation of the mono- and disemi- 
carbazones through fractional ciystalhzation 
The identity of the diketo acid was estabhshed as 3 hydroxy-7, 12- 
diketocholanic acid through preparation of this compound from the 
disemicarbazone 

The identity of the monoketo acid was established as 3 , 12-dihydroxy-7- 
'holamc acid Its presence was proved by the fact that the acid 
isolated from the monosemicarbazone after conversion to the methyl 
ester formed a benzoyl denvative which gave a semicarbazone identical 
with the semicarbazone of methyl 3-benzoxy-12-hydroxy-7-ketocholanate, 
and that the monosemicarbazone yielded desoxy chohc acid when reduced 
according to the Wolfit-ICishner procedure 
Analysis of xanous digests mdicated that the 7-keto acid was the first 
oxidation product of chohc acid, the 7,12-diketo acid bemg the second 
product This indicates that the hydroxyls of chohc acid undergo ovda- 
tion by Alcaltgcnes m the same order as when treated with chromic acid 
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ISOLATION OF DEHYDROISOANDROSTERONE SULFATE FROM 
NORMAL MALE URINE* 

Bv PAUL L MUNSON, T F GALLAGHER, and F C KOCH 

(From the Department of Biochemiatry of the Univcrstly of Chieago, Chteago) 

(Rccci\cd for publication, August 19, 1943) 

It IS t\cll known that the steroids are e\creted in unne as water-soluble 
substances which can be hj drolyzed mth more or less ease to the uncon- 
jugated compounds, nhich in turn are readily soluble m a vanety of or- 
ganic soh ents Since free steroids are more easily fractionated by chemical 
methods, the established practice for investigation m this field has been to 
subject the unne to a hydrolytic process pnor to or simultaneous mth 
e'rtraction b 3 the orgamc solvent Relatively httle attention has been 
given to the combined form of unnarj’’ steroids, although it is evident from 
the numerous modifications suggested bj' vanous authors that the hydro- 
lytic process is unsatisfactory Moreover, it is clearly recogmzed that 
steroids such as chlorodehydroandrosterone, androstadienone-17, and the 
like are secondarj' products formed m the course of hydrolysis or in the 
isolation technique The influence of the factor of hydrolysis on other as 
yet unrecogmzed compounds is still unknoivn We have therefore under- 
taken an investigation of the conjugated form of the neutral 17-ketosteroid 
fraction of normal male unne mth the aim of estabhshmg more satisfactory 
methods for isolation and quantitative measurement This end already 
appears to have been justified Talbot, Rj'an, and Wolfe have recently 
reported (1) a technique for assaymg the dehj'droisoandrosterone content 
of unne based upon our finding that this compound is excreted as the 
sulfate 

Conjugation with glycuromc acid is a common method by which the 
animal excretes nater-msoluble substances Cohen and Maman (2) 
identified estnol glycuromde in pregnancy unne and Venmng and Broivne 
(3) shoned that progesterone is excreted as pregnanediol glycuromde 
Peterson, Hoskms, Coflfman, and Koch (4) found that glycuromc acid and 
acid-hj drolyzable androgen obtamed from normal male unne were ap- 

* Read at the 1942 meeting of the Association for the Study of Internal Secretions 
{Endoennology, 30, S1036 (1942)) 

This work was supported in part by a grant from Armour and Company and in part 
by the Dr Wallace C and Clara A Abbott Memonal Fund of the Umversity of 
Chicago 

The Department of Medicine, Umversity of Chicago, furmshed a stipend to one of 
'IS (P L M ) and cooperated in a portion of the work 
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patently present in constant ratio through several punfication procedures 
Our oiTO work prondes some evidence that the neutral 17-ketosteroids may 
be conjugated with glycuronic acid, although we have been unable to 
separate a pure substance 

It is not surprising that the phenolic steroids are excreted as sulfuric acid 
esters, Schachter and Marnan (6) isolated an estrone sulfate from pregnant 
mare unne and Butenandt and Hofstetter (6) iiere able to shoe that a 
portion of the estrone excreted by the pregnant woman was present in unne 
as the sulfunc acid ester It is, however, of considerable interest to find 
that a neutral steroid is excreted, at least in part, by the same method of 
conjugation Venning, Hoffman, and Broirae (7) have recently isolated 
androsterone sulfunc acid ester from the unne of a man mth an mterstitial 
cell tumor, this is an extremely significant result, smee it raises the question 
v bother all 17-ketosteroids are excreted as the sulfunc acid esters In the 
present communication we shall report the isolation of dehydroisoandros- 
terone sulfate as the sodium salt of the water-insoluble semicarbazone from 
the unne of normal young men Although our v ork on this problem was 
undertaken independently and was completed shortly after Vennmg, 
Hoffman, and Broivne had identified their product, iie had the pnvilege of 
examinmg the compound isolated by these workers and have delayed 
lubhcation until after their results appeared in the literature 


EXPERIMENTAL 


Determinahon of 17-Kclosteroid — ^For hydrolysis, an ahquot of aqueous or 
alcoholic extract contaimng 0 2 to 5 mg of steroid was taken and redistilled 
alcohol added to a total alcohol volume of 5 0 ml The solution was further 
diluted ivith 45 ml of 0 5 N hydroehlonc or sulfuric acid, refluxed 15 mm- 
utes, and cooled to room temperature immediately The hydrolysate was 
extracted five times mth 50 ml portions of u s p ether, and the combined 
ether extracts were washed five times mth 10 per cent sodium hydroxide 
and five times mth iiater, then evaporated to dryness The residue was 
dissolved m redistilled alcohol, filtered, and made to volume so that the 
final concentration of 17-ketosteroid was 20 to 100 y per ml 
The Holtorff and Koch (8) procedure for colonmetric estimation of 17- 
ketosteroids xvas followed xvith minor modifications In the ongmal 
method 0 2 ml each of alcohol solution to be assayed, m-dimtrobenzene 
solution, and 5 m aqueous potassium hydroxide was used In this study 
1 0 ml of steroid solution and 0 5 ml of each of the reagents are used The 
change permits assay of more dilute solutions and more accurate measure- 
ment of the sample, while the sensitivity and accuracy of the method are 
unimpaired As recommended by Pmeus and Pearlman (9), the “al 
dilution uas made mth 60 per cent alcohol instead of 92 per cent alcohol to 
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eliminate tlic possibility of jirccipitation of carbonate Robbie and Gibson 
(10) haa e rcccnth published a similar modification 

Ddcrmmalton of Free 17-Kctoslcrojd — ^The content of free 17-ketosteroid 
was estimated in the same May, cveept that hjdrol 3 'sis was omitted Be- 
fore e\traction with ether the solution to be assajed nas diluted ivith water 
instead of acid The difference between tlie values for total 17-ketosteroid 
and free 17-ketosteroid was taken as the amount of conjugated 17-keto- 
sicroid 

All the cnide extracts were highlj colored and some also contained sub- 
stances w Inch develop an interfcnng color with alkali alone To correct for 
this chromogeme material, blank estimations w ere performed in the usual 
manner, except that the m-dinitrobenzene reagent w as oimtted 

Preparation and Fractionation of Unne Extracts — Unne of males was col- 
lected (under n-butanol in most cases) in medical school wash rooms or as 
pooled 24 hour specimens of graduate students, and refrigerated for a 
maximum of 2 to 3 days before extraction Small unne collections w ere ex- 
tracted with butanol (11) m 250 ml centnfuge bottles, centrifuged, the 
butanol drawn off by suction, and the extraction repeated five to seven 
tunes Larger quantities of unne, up to 144 liters, w ere extracted m 18 to 
36 hter batches by dropping the unne into 2 hters of butanol m a 5 hter 
cyhnder The unne was sprayed through four 2 mm jets termmatmg 
several cm abox e the surface of the unne-butanol emulsion which developed 
as soon as the process was started The aqueous phase separated m the 
bottom of the cylmder and was drawn off through a stop-cock for subse- 
quent extraction through fresh butanol Sohd sodium chlonde was added 
hberaUy from time to tune to facihtate separation The unne was ex- 
tracted in this manner six to ten times, the time required for each extraction 
bemg about 45 minutes 

The combmed butanol extracts were evaporated to dryness on the bodmg 
water bath under diminished pressure The residue w as exhaustively ex- 
tracted xvith 92 per cent ethanol (a total of about 2 liters for the extract from 
144 hters of urme), again evaporated to dryness, and the residue extracted 
■with water-saturated butanol in small portions totahng about 2 hters 
This butanol extract was then fractionated as m the followmg experiment 

2 2 hters of butanol representing 144 hters of normal urme of men con- 
tamed 185 gm of solids (including some salt) and 1 03 gm of neutral 17- 
ketosteroid (161 mg of free 17-ketosteroid) This solution was chilled 
below 10° and washed fixm times ■with cold saturated sodium bicarbonate 
solution The combined aqueous extracts contamed 200 mg of total 
neutral 17-ketosteroid (4 5 mg of free 17-ketosteroid) The butanol was 
then thoroughly shaken ■with three separate 100 ml portions of cold 2 5 n 
NaOH The combmed alkaline extracts contained 41 5 mg of neutral 
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17-l.etosterojd It should be noted that the term “neutral 17-ketosteroid’’ 
refers to the substances determined by the color reaction after acid hy- 
dro! j sis and separation of the neutral fraction mthout regard to the reac- 
tion of the conjugated form 

The butanol nas ne\t extracted vnth 100 ml of distilled nater to ivbch 
had been added a small amount of sodium chlonde to facihtate separation 
Tins aqueous extract removed 7 8 mg of neutral 17-ketosteroid Then 


Table I 


Fracttonaltan of Butanol Extract o} lU htters of Male Unne 


Water 
extract Ko 

Volume 

0 t u aad to 
neutrality, pet 
rj! extract 

17 Kctwleroid 

W Ketosteroid per ml sohent 

Ratio of 
• butsBol to 
water 

aqueous phase 

Aqueous 

phase 

Butanol 

phase 


ml 

tnt 

rtf 

y 

y 


1 


8 06 

4 2 




2 

149 

2 74 

7 9 




3 

150 

0 99 

8 7 




4 

230 

0 38 

11 2 




5 

323 

0 00 

22 4 






pH 





6 

290 

10 

49 1 




7 

335 

8 6 

82 4 




8 

330 

7 5 

70 8 

205 

167 

0 81 

9 

285 

7 3 

61 4 

204 

150 

0 74 

10 

380 

6 9 

64 9 

162 

119 

0 73 

n 

327 

6 5 

38 3 

111 

104 

0 94 

12 

345 


32 9 

90 

90 

1 OO 

13 

308 


21 4 

67 

81 

1 21 

14 

324 


IS 5 

54 

73 

1 35 

16 

333 


16 0 

46 

67 

1 46 

16 

328 


13 3 

39 

61 

1 56 


The total I7-ket03teroid remaining in butanol after the eighth extraction was 
found to be 481 mg and after the sixteenth extraction 210 mg The free 17 Veto 
steroid in the final butanol solution was 103 mg 


followed three extractions xxuth 2 5 n NaOH uhich removed an additional 
24 5 mg of nputral 17-ketosteroid, an intermediate extraction with distilled 
water which removed but 2 3 mg of neutral 17-ketosteroid, and a final 
alkalme extraction with four portions of 2 5 n NaOH which removed 18 9 
mg of neutral 17-ketosteroid The total amount of neutral 17 -ketosteroid 
removed from butanol by aqueous bicarbonate and alkah was 295 mg 
The butanol solution was then thoroughly extracted wnth four successive 
150 ml portions of 2 per cent NaO solution and finally twelve times, each 
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\\ith 350 ml of distilled \\ atcr For tlic lost eight e\tractions it was neces- 
sa^^ to separate emulsions bj eentnfugation Tables I and II show the 
results of this fmetionation 

Water E\tracts 9 to 13 were combined, e\trncted three times with 400 
ml portions of ether, and the aqueous solution dned in a good vacuum 
while frozen The solid residue w cighcd 3 2 gm This was dissolved in 25 
ml ofwatcr, 3 0gm of scmicarbazidc hydrochloride and 4 5 gm of sodium 


Table II 

Balance Sheet for Fracltonation of Butanol Extract of m Ltters of Male Urine 


Eztnctt 

Neutral 17 ketosteroid 

TotsI 

Free 


tnr 

mt 

Butanol extract 

1037 

137 

Sum of bicarbonate, alkali, and Water Extracts 1-8 

545 


Difference 

492 


Found in butanol 

481 

124 

Sum of Water Extracts 9-16 

265 


Difference 

216 


Found in butanol 

210 

103 


Table III 

Proportion of 17-Kctosteroid Precipitable by Semicarbazide in Successive TTaler 
Extractions of Butanol Extract 

I Conjugated neutral 17 ketoatcroid 


Water extract No 


Water Extract 7 
" “ 8 

" Extracts 9-13 (combined) 

“ “ 14-16 

Butanol soluble, after 16 aqueous extractions 


Total 

Precipitable by semi 
carbazioe 

mg 

mg 

Per cent 

82 4 

2 

2 5 

70 8 

4 

5 7 

218 7 

114 

52 

40 1 

28 

70 

107 

91 

85 


acetate SHgO added, and the solution warmed m a water bath at 90° for 30 
minutes After standmg overnight, the precipitate was collected by cen- 
trifugation, washed twice with cold water, and dried in a good vacuum at 
85° The yellowish powder weighed 475 mg This contamed 114 mg o 
17-ketosteroid and 110 mg were found in the mother hquors and was gs 
Several of the fractions were treated m similar fashion with results recor e 
m Table III 

Punficahon of Precipitate — ^The precipitate obtamed from the com me 
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fourteenth, fifteenth, and SLvteenth aqueous extracts uas dissolved m 
about 40 ml of boiling ethanol and after filtration concentrated to about 
10 ml This solution overnight deposited a bead-hke precipitate weighing 
16 mg , M Inch appeared crystalhne u hen examined with a hand lens but was 
amorphous under the microscope Re-solution m ethanol and concentra- 
tion of the solution j lelded 4 8 mg of solid v hich contained 55 per cent 17- 
ketosteroid 

3 291 mg of this product yielded 0 398 mg of iihite ash (uhich was com- 
bined infh the combustion products for sulfui determination) and 1 385 
mg of BaSOi ’ 

CjoHjoOjNjSNa CjHiOH Theorj S 6 47, ash 14 33 
Found “ 5 78, 12 09 


The amount of matenal obtained nas too small for isolation Hoiieier, 
by the same procedure 61 mg of an apparently identical product uere ob 
tamed from the combined ninth to thirteenth aqueous extracts This ma- 
tenal contained 0 59 mg of 17-ketosteroid per mg of substance and gax e a 
strongly positive test for sulfate Bioassay after acid hydrolj-sis rei ealed 
that the product assaj’cd 2 8 1 u per mg of 17-ketosteroids’ 54 mg vere 
hydrolyzed by boiling for 15 minutes with 55 ml of 0 5 n HCl and the 
neutral fraction isolated m the usual manner The oily residue xvas sub 
1 m a high x acuum at 78° for 24 hours A small amount of oily ma- 
> and a wlute crj'stalhne subhmate formed vhich melted ift 120-124° ’ 
The residue m the retort was again sublimed at 100° and a second erj’S- 
talime sublimate obtamed vhich melted at 145-149° The first sublimate 
was converted to the benzoate and a product melting at 248-250° obtained 
Recrystalbzation from benzene-petroleum ether jnelded a product meltmg 
at 253° This melting pomt was unchanged by recrjstallization from 
methanol and upon admuxture with an authentic specimen of dehydroiso- 
androsterone benzoate (mp 254-255°) there was no depression The 
second subhmate was converted to the benzoate and without punfication 
melted at 237-240° One reco stalhzation from benzene-petroleum ether 
gax e a product melting at 25 1-252° xvhich show ed no depression w hen mixed 
with dehydroisoandrosterone benzoate The unsubhmed material m the 


retort was negligible in amount 

The isolation of the semicarbazone w'as repeated with the eighth, nmtn, 
and tenth aqueous extractions from a separate butanol extract of normal 
male unne In this case more attention was given to obtaining a satis- 
factonlj pure sample for analysis The total neutral 17-ketosteroid of t e 


iMioroanaUBisbyDr T S Ma, Department of Chemistry, Umversity of Chicago 

5 Direct application to the comb, unpublished method of Johnston and Jxoc 
» AH melting points nre corrected 
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extract MIS 112 mg A precipitate weighing 95 3 mg and containing 32 1 
mg of 17-kctostcroid (3-1 per cent) wms obtained 62 mg of this product 
w ere extracted with hot alcohol, Icai ing an insoluble residue of 19 mg which 
contained less than 0 5 mg of 17-kctostcroid The alcohol solution 
deposited 26 9 mg of precipitate which contained 113 mg (42 per cent) of 
17-ketosteroid This matcnal was twice more redissolved and reprecipi- 
tated, each time forming the characteristic bead-like aggregates noted in the 
foregoing expenment The final product w ciglied 7 3 mg and contamed 
4 42 mg of 17-ketostcroid (60 6 per cent) 

4 218 mg of substance gave 0 592 mg of ash and 1 942 mg of BaSO^ 
The ash was white and completclj soluble in dilute hydrochlonc acid with- 
out e\ olution of COj Addition of BaCl« produced a precipitate w'hich was 
combmed w itli the products of combustion for sulfur estimation 2 437 mg 
of substance gave 0 197 ml of mtrogen at 26° and 752 mm The analytical 
figures are consistent wnth the semicarbazone of sodium dehydroisoandros- 
terone suKate with a molecule of ethanol 

C,«H„0»N,SNa C,H,OH Theory S 6 47, ash 14 33, N 8 47 
Found “ 6 32, “ 14 04, “ 9 13 

Recovery of Administered Dchydroisoandroslerom — ^Through the kmd 
cooperation of Dr Allan T Kenyon of the Department of Medicme, 
Umversity of Chicago, W'e w ere able to study the recovery of admimstered 
dehydroisoandrosterone The patient (M L ) w as a short, sexually under- 
developed woman of 27 years, ivithout proved pituitary disease She re- 
ceived daily mtramuscular injections of dehydroisoandrosterone acetate for 
10 successive days, during the first 4 days a total of 270 mg was admin- 
istered but the unne collection for this period was not available to us Dur- 
mg the following 6 days a total of 600 mg of the acetate was injected and the 
pooled unne collection amounted to 9 1 hters 3 17 hters of this unne were 
put at our disposal, the neutral 17-ketosteroids assayed 53 mg per liter or a 
total of 196 mg This unne was extracted by shaking thoroughly with six 
400 ml portions of butanol which removed 171 mg of neutral 17-ketosteroid 
(87 per cent) The combined butanol was then extracted six times with 
2 5 N NaOH, with two 500 ml portions of water, and finally wnth thirteen 
successive 200 ml portions of water There w as a marked difference be- 
tween this extract and those previously obtained from normal male unne, 
after these aqueous extractions 118 mg or 69 per cent of the neutral 17- 
ketosteroid which was extracted from the unne by butanol still remained m 
the butanol phase The butanol was removed under diminished pressure, 
and the residue suspended m w’ater and extracted three times with ether 
The ether removed 47 mg of neutral 17-ketosteioid and 115 mg of sohds, 
which mdicated that 24 per cent of the total neutral 17 -ketosteroid had 
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been hydrolyzed in the course of fractionation The aqueous phase con- 
tained 180 mg of sohds and assayed 65 mg of neutral 17-ketosteroid 
Therefore 52 per cent of the butanol-soluble, conjugated neutral 17-keto- 
steroid in this expenment was still present in the butanol phase after six 
alkahne and fifteen aqueous evtractions, in contrast to the normal male unne 
in which but 10 per cent remained after similar treatment 
The squeoes solution (200 ml volume) was warmed on the steam bath 
for 20 hours with 500 mg of semicarbazide hydrochloride and 620 mg of 
sodium acetate SHsO The precipitate uas collected by centnfugation, 
hydrolyzed by boiling for 30 mmutes -iwth 100 ml of 0 5 HCl, and the 
neutral fraction isolated as usual The neutral fraction assayed 50 mg of 
17-ketosteroid and was directly sublimed in a high vacuum at 85° and the 
crystalline sublimate converted to the benzoate 31 mg of product were 
obtained which after one recrystalhzation from methanol melted at 249- 
251° and gave no depression when mixed with an authentic specimen of 
dehydroisoandrosterone benzoate The residue in the retort was again 
subhmed in a high vacuum and a second crystalhno sublimate obtamed on 
heating to 120° This was hkemse converted to the benzoate and 14 mg of 
dehydroisoandrosterone benzoate uere isolated after one ciystalhzation 
from methanol The oily residue m the retort gave no further subhmate 
even after being heated to 160° The crystalhne benzoate isolated ac- 
counts for 33 mg of dehydroisoandrosterone or 25 pei cent of the conjugated 
neutral 17-ketosteroids which were initially extracted by butanol 
Because of the pressure of other work, the aqueous extracts were not 
mvestigated 


DISCUSSION 

The expenments xie have reported demonstrate conclusively that dehy- 
droisoandrosterone IS excreted in normal male unne, at least in part, as an 
ester of sulfunc acid In our expenments the fraction which precipitated as 
the semicarbazone represented 20 per cent of the conjugated neutral 17- 
ketosteroids (Table IV) It should, houever, be borne m mind that de 
hydroisoandrosterone whether free or conjugated is more labile than the 
saturated 17-keto unnary steroids and therefore the results of isolation 
expenments, digitonm sepal ations, and the like yield minimal figures 
There is considerable justification, therefore, for accepting the view t a 
this fraction consists pnncipally of dehydroisoandrosterone First of al we 
were unable to isolate any substance other than dehydroisoandrosterone 
"While this by itself is inconclusive, it should be noted that in the ^e o e 

woman receivmg dehydroisoandrosterone parenterally a very good 
(25 per cent of the conjugated neutiul 17-ketosteroid extracted by butanoiy 
w as made from this fraction in an expenment which was m no sense quan i 
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tatn c Then again the expenments of Talbot, Ryan, and Wolfe (1) in which 
sodium dehj droiEoandrosterone sulfate was added to normal unne have a 
beanng on this question In the control samples, to w hich no 17-ketosteroid 
w as added, their BaClj hj droljdic method indicated that the /3-hydroxy neu- 
tral 17-kctosteroid fraction from five pooled specimens of fresh adult unne 
contained from 0 0 mg to 5 8 mg per liter Assuming an average value of 
20 mg of 17-ketosteroid per liter of unne (unfortunately this value was not 
given in their paper), the results would indicate that the /3-hydroxy neutral 
17-ketosteroid fraction of normal unne vaned betw'cen 0 0 and 29 per cent, 
with an aierage of 14 per cent While these calculations are subject to 


Table IV 

Quantitative Distribution of Conjugated Neutral IT-Kctosteroids 


Fraction 

Approzimite 
proportion o( 
total 17 kcto< 
steroid 

CharacterUtics 

A* 

fer cent 

20 

Extracted from butanol by aqueous sodium bicarbonate 

B 

15 

solution 

Extracted next from butanol by aqueous sodium hy- 

C 

35 

droxido above pH 9 

Extracted next from butanol by water below pH 9 and not 

D 

20 

pptd by semicarbazide acetate 

Extracted from butanol by water below pH 7 5 and pptd 

Et 

10 

as semicarbazonc, mainly sodium salt of sulfunc acid 
ester of the semicarbazone of dehydroisoandrosterone 
Free, ether soluble, 17-ketoBteroid 


* This fraction should probably be included in Fraction C, since the bicarbonate 
was neutralized by acids extracted from unne with butanol 

t This free steroid probably is liberated in the course of the treatment of large 


amounts of matenal 

error, m general they suggest a high value for the /3-hydroxy-17-ketosteroid 
fraction and together with our experiments indicate that a considerable 
portion of this is dehydroisoandrosterone 
Although the amount of dehydroisoandrosterone recovered after par- 
enteral admmistration in our experiments was qmte large, it is questionable 
whether our procedure is of general apphcabihty for pathological as well as 
normal unne Since androsterone sulfate forms a water-insoluble senu- 
carbazone (7), colonmetnc assay or bioassay of this fraction unsupported^y 
isolation of the steroid could yield extremely misleading results s 
caution is, by the same token, justifiable in our figure of the amount o 
dehydroisoandrosterone present based on the insoluble sermcarbazone 
fraction, for the product was purified by several precipitations before isola- 
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tion of the steroid was attempted Further i\ork by a variety of pro 
cedures is necessary before the amount of dehjdroisoandrosterone nor- 
mally present m unne can be satisfactorily ascertained 
The problem of hydroljEis still presents some vexing aspects It has 
been repeatedly demonstrated that acid hydrolysis of unne destroys or 
modifies certain of the neutral steroids in one way or another Vennmg, 
Hoffman, and Browme (7) were unable to recover a substantial portion of 
androsterone knowm to be present as the sulfate after acid hydrolysis It 
should be noted that the data of these authors showed that the method of 
Peterson, Gallagher, and Koch (12) mvanably gave a higher recovery than 
other procedures, although even by this method 17 to 43 per cent w'as 
lost Similar expenments bj' Talbot ct al (1) indicate that dehydroiso 
androsterone sulfate is also altered It is possible that m our experiments 
the presence of the steroid as a semicarbazone had a stabihzing influence, 
since an intact hydrox-yl group after hydroljsis was demonstrated by the 
formation of the benzoyl denvative 
Our results with the unne from Dr Kenyon’s patient who had received 
dehydroisoandrosterone acetate daily for 10 days have an mteresting 
beanng on the metabohsm of this compound As we have mdicated, our 
expenments were not quantitative, yet from the residual butanol after six 
alkaline and fifteen aqueous extractions w e w ere able to isolate 25 per cent 
of the total conjugated steroid imtially extracted by butanol as the crystal 
Ime benzoate It is scarcely to be doubted that a much greater quantity of 

dehydroisoandrosterone could have been obtained had the late aqueous 
extracts and the hydrolj^zed or “free” 17-ketosteroids been more carefully 
examined In addition the rather large amount of “free” 17 -ketosteroids 
found m this expenment suggests that this fraction contained a considerable 
amount of dehydroisoandrosterone The conclusion is therefore weseap- 
able that the greater portion of the compound was not metabolized further 
but was excreted unchanged This is similar to the situation wath ad- 
nunistered androsterone, since Dorfman and Hamilton (13) have shown that 
at least 24 per cent of that substance can be recovered unaltered from the 
unne It is therefore unlikely that dehydroisoandrosterone is an essential 
intermediate in the metabolic conversion of testosterone to androsterone 


(c/ Koch (14)) 

The fractionation of the butanol extract suggests that there are tnrM 
distinct classes of conjugated unnary steroids in male urine One is readi y 
extracted from butanol by aqueous alkah, a second is more soluble 
below pH 9 than in the more alkaline solutions and does not form a difficu y 
soluble denvative with seraicarbazide, the third is more soluble in n 
butanol than in water and yields a difficultly soluble semicarbazone e 
quantitative distribution of these fractions is shown in Table I V t nug 
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be suggested that these fractions indicate different methods of conjugation 
and i\c bchcic this to be the fact However, to draw a definite conclu- 
sion would be premature and we hope that further work ivill clarify our 
knowledge 

SUMMAln 

Fractionation of an n-butanol extract of adult male urine shows that the 
conjugated neutral 17-kctostcroids fall into three tjTies One is extracted 
from n-butanol bv aqueous alkali, a second is readily extracted from n- 
butanol bj water below pH 9 and is not precipitated from aqueous solution 
as the semicarbazone, a third is more soluble in butanol than in water and 
forms an insoluble semicarbazone from aqueous or ethanol solution From 
the last fraction a substance identified as the semicarbazone of sodium 
dehj droiEoandrosteronc sulfate was isolated Upon acid hydrolysis this 
compound yielded dchj droisoandrosterone which was identified as the 
benzoate 

In normal urme dehj droisoandrosterone is to a considerable extent 
excreted as an ester of sulfunc acid 
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THE CIRCULVTION OF PL/\SMA PHOSPHOLIPIDS THEIR 
TR^VNSPORT TO THORACIC DUCT LYMPH* 


Br B O REINHARDT, U C EISHLER, avd I L CHAIKOFF 

{From the Diristons of Anatomy anri Physiology, University of California Medical 

School, Bcr! clcy) 

(Rocci\cd for publicntion, November 1, 1913) 

T;\o phases ot the metabolism of plasma phospholipids have been dealt 
mth recently (1) their site of formation and (2) their rate of removal from 
plasma and transfer to % nnous organs Plasma phospholipids are formed 
almost e\clusi\eh in the li\cr (1) Although such tissues as kidney and 
small intestine also sjmthesize these compounds, they are not available to 
the plasma (1) The remo\ al of phospholipids from plasma was studied by 
Zih ersmit clal 5 hours after the inti eduction of labeled phosphohpids into 
the blood stream of the dog, these ^\orkers recovered 76 to 83 per cent of 
them m plasma, red blood cells, liver, kidney, small intestine, spleen, and 
muscle (2) As much as 40 to 50 per cent of the mjected labeled phos- 
phohpids had, however, disappeared from the plasma Approximately 
one-third of the phospholipids lost from the plasma was found m the hver 
The fate of the plasma phospholipids that enter the liver, kidney, small 
mtestme, muscle, etc , remains to be determined It is shown here that a 
portion of these phospholipids reaches the lymphatic channels Radio- 
phosphohpids were mjected into the blood stream of the dog and their 
recovery in lymph of the thoracic duct demonstrated These obsen'’ations 
show that a measurable portion of the phosphohpids that leave the plasma 
passes through one or more tissues on its way to the Ijunph channels and 
from these is returned to the plasma 
The question as to w hether phosphohpids can pass a capillary membrane 
has been frequently considered but not settled (3) The demonstration here 

that labeled plasma phosphohpids are rapidly transferred to thoracic duct 
lymph leaves no further doubt that capillary membranes or smusoid walls 
are permeable to phospholipid molecules 

EXPERIMENTAL 

Donor dogs received intraperitoneally an isotonic solution of Na 2 HPOi 
contaimng from 2 to 2 5 millicunes of radiophosphorus At a single m- 
terval thereafter (27 to 48 hours) the dogs w ere exsangumated by means of 
a cannula mtroduced into the femoral artery Approximately 1 cc of 0 5 
per cent procame hydrochloride w as used as a local anesthetic The donor s 

* Aided by a grant from the Commonwealth Fund 
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blood was centnfuged for 30 minutes at 2200 n p m and the plasma drawn 
ofif This plasma, which contained radiophosphohpid, was injected into 
the recipient 

At the time that the donor’s blood -w as being centnfuged, the preparation 
of the recipient was begun After this dog had been anesthetized by the 
intraperitoneal injection of 30 mg of nembutal per kilo, the thoracic duct 
was exposed and a heparmized, Pyre\ glass cannula inserted into it 
90 to 100 cc of the donor’s plasma were then injected into the exposed 
femoral vem of the recipient In the case of Dog 1 (Table I) the collection 
of l 5 Tnph was not begun imtil 135 minutes after the plasma had been in- 
jected, whereas in Dogs 2 and 3 the collection of lymph was begun before 
the labeled plasma w'as mjected 

Blood obtained from the femoral vem of the recipient was centnfuged for 
10 minutes at 3500 n p m The plasma was removed and analyzed for 
phosphohpid Lymph was centnfuged before samples of it were taken 
for analysis Hepann w'as used as an anticoagulant for plasma and lymph 

5 cc samples of lymph or plasma were pipetted slowly mto 150 cc of 
Bloor’s solution (3 parts of 95 per cent ethyl alcohol and 1 part of ethjd 
ether) and extracted on a hot water bath at 56“ for 2 hours A second ex- 
traction with about 100 cc of solvent was earned out for 1 hour The ex- 
tracts were filtered mto ICjeldahl flasks and the residue reextracted with 
ethyl ether for 8 hours m a Soxhlet apparatus The combmed extracts w ere 
then concentrated tn vacuo at 56° The last stages of the concentration 
W'ere earned out m an atmosphere of CO 2 The concentrates (about 1 cc 
of matenal) were then extracted with petroleum ether The phosphohpids 
were precipitated from ahquots of the petroleum ether extracts and their 
P“ content determmed by the method of Perlman el al (4) 

Results 

Dog 1 received intravenously 100 cc of plasma containing a total of 
759,200 counts per mmute as phosphohpid The first sample of lymph w as 
obtained dunng the first 36 minutes after the injection of the radiophos 
phohpid, this sample already contamed over 2000 counts per mmute or 94 
per cc Lymph was collected from this dog for a total of 6 hours, the total 
lymph collected contamed m all 28,600 counts At the end of the 6 
the plasma contamed 504 counts per mmute per cc If it be assumed t at 
plasma represents 5 per cent of the body w eight, the plasma still containe a 
total of 452,000 counts per minute at the end of this period of observa ion 
Approximately 9 per cent of the radiophosphohpid that left the p asraa 
was recoxered from the lymiph collected from the thoracic duct 

By a sunilar calculation, it can be showm that approxunate y per 
of the labeled phosphohpid mjected into the blood stream o og 
contamed m the lymph recovered from the thoracic duct m murs 



ntiNHAnDT, nsnLrn, and ciiaikoff 


81 


P“ wns contained m the injected plasma m coinjiounds other than phos- 
pholipids The following calculation shows, however, that the conversion 


TAnir I 

Itteorcry of Injected Plasma Padtophospholipid in Thoracic Duel Lymph 
Dog 1 received a total of 759,200 counts per minute in 100 cc of plasma, Dog 2 
received 760,000 counts per minute in 100 cc of plasma. Dog 3 received 403,000 
counts per minute in 90 cc of plasma Lymph samples were not collected in Dog 1 
until 135 minutes after the injection of the radiophospholipid 


Dog No 

L>'mph 

Plasma 

Inlcn*al after 
Injection 
of pla.mt 

Total lymph 
collectea 

Rate of 
flow 

Piiospholipld P*’ expressed 
as 

radioactive counts per mm 

Phosphohpid 
P« expressed 
as radioactive 
counts per 
mm per cc 

Per cc 

For total 
sample 
collected 


mn 

cc 

cc per mitt 




1 (17 9 kilos) 

Before 

9 9 

0 49 





4 before to 







40 after 

23 9 

0 54 

94 

2250 



40- 90 

26 4 

0 53 

216 

5680 



90-153 

23 3 

0 37 

251 

5850 

937 


153-214 

23 9 

0 39 

213 

5100 

806 


214-244 

13 4 

0 45 

191 

2560 



244-272 

13 3 

0 47 

191 

2540 



272-319 

13 2 

0 28 

167 

2220 



319-359 

13 6 

0 34 

178 

2420 

504 

2 (15 5 kilos) 

19-10 be 







fore 

4 9 

0 54 





5- 19 

13 7 

0 98 

0 

0 



19- 37 

14 8 

0 82 

50 

740 



37- 52 

14 5 

0 97 

110 

1596 

1150 


52- 68 

14 6 

0 91 

118 

1723 



68- 85 

14 6 

0 86 

142 

2073 



85-104 

14 3 

0 75 

140 

2000 

683 


104-127 

14 6 

0 64 

137 

2000 



127-147 

14 3 

0 71 

127 

1817 



147-171 

IS 5 

0 65 

139 

2155 



171-187 

11 1 

0 69 

139 

1542 

893 

3 (8 6 kilos) 

32 





984 


62 





863 


135-137 

2 0 

1 0 

376 

750 



160-197 

8 3 

0 22 

215 

1784 

760 

. 

197-307 

9 0 

0 08 

295 

2654 

788 


of non-phosphohpid present in the plasma to phosphohpid P^^ could not 
account for an appreciable amount of the radiophosphohpid recovered from 
the thoracic duct lymph during the mtervals studied here dogs were 
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injected intravenously vnth inorganic phosphate containing P>' and Ijraph 
collected from the thoracic duct for the nevt 4 hours, the amount of radio- 
phospholipid recovered per cc of this lymph was 3 X KH per cent of the 
injected P” In the e\penments recorded m Table I approximatelv 400,- 
000 to 800,000 counts per minute of phospholipid were contained in the 
plasma introduced into the blood stream At most, an equal amount of 
P“ was also present in the form of morgamc phosphate Hence the phos- 
pholipid formed at the expense of the morgamc contained m the 
injected plasma was (800,000 X 3 X 10-5)/100 or 02 count per minute per 
cc of lymph 

Comment 

The r61e of thoracic duct lymph as a transport medium for phospholipid 
lost from plasma is shown bj- the total amounts of radiophosphohpid re- 
covered in the lymph Over 20 per cent of the radiophosphohpid that left 
the blood stream of Dog 2 in 3 hours was recovered in the lymph that 
drained from the thoracic duct, over 9 per cent was recovered from Dog 1 
m 6 hours Thus thoracic duct lymph serves as a medium for the return 
to plasma of a sigmficant fraction of the phosphohpid lost from plasma 

The rapidity by which plasma phospholipid can be transferred to thoracic 
duct Ijmph IS shown by the findmg of radiophosphohpids m a lymph sample 
obtained during the first 37 minutes after the injection of labeled phos- 
phoUpids into the blood stream (Dog 2) Although the passage of phos- 
pholipid molecules across a capillary or sinusoid wall can no longer be 
questioned, the results obtamed here provide no information as to the 
organ or tissue in which this transfer occurs 


sroaiART 

1 A rapid transfer of plasma phogihohpids to thoracic duct lymph is 

demonstrated Radiophosphohpid was injected into the blood stream of 
the dog and subsequently recovered in lymph obtamed from the thoracic 
duct , 

2 In the experiments recorded here, 9 to 20 per cent of the mjectedra o- 

phospholipids that left the plasma in 3 to 6 hours appeared m the 
duct lymph Approximately these amounts would have been returned o 
the plasma if this lymph had not been diverted 


1 

2 

3 
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THE i^IICROBIOLOGICAL DETERMIN VflOX OF AMINO 

ACIDS 

I VALL\n AND ARGININE 

Bt J ID\-iiMOND McMAIIAN and ESMOND L SNELI 

(From The Untrcrstlt/ of Texas, Biochcmtcal Instilule, and the Claylon Foundation for 

Research, Austin) 

(Bcccncd for publication, October 23, 1043) 

Studies bj \anous \\orkcrs (1-4) on the ammo acid requirements of 
lactic acid bactena ha%c shown that these are usuallj' complex The de- 
\ elopment and successful use of assaj methods for se% eral vitamins based 
upon growth or acid production of lactic acid bacteri i early suggested use 
of these organisms as assa\ agents for the determination of amino acids 
I^now ledge of the non-ammo acid nutntion of members of this group of 
bactena has progressed to the point where it is possible to design a medium 
which contains essentiallj onlj substances of known chemical compo- 
sibon and w hich w ill support luxuriant grow th of various members of the 
group Earlj attempts to use such a medium for the estimation of a given 
ammo acid indicated that the response to the ammo acid might not be 
completely specific Modification of the medium and conditions elimi- 
nated this uncertaint} , how ever, and in this and a subsequent paper de- 
tails are given for the quantitative determination of several ammo acids 
as they occur in protein hydrolysates 
The method developed has several advantages The labonous separa- 
tions often necessarj’' in protein analysis are eliminated Essentialh one 
method and one set of equipment suffice for determination of several amino 
acids The method is unusually sensitive , hence the amount of protein 
hydrolj sate necessary is very small in comparison with that necessary for 
analysis by more customary procedures Analyses for a single amino acid 
can be earned out at several levels on the hydrolysate from less than 1 mg 
of protem The method is also apphcable to a number of amino acids, 
such as leueme, valme, alanme, etc , for which no accurate chemical 
methods are at present available 

EXPERIMENTAL 

Cultures and Inoculum — Stock cultures of the organisms to be used are 
earned as stab cultures in yeast extract-glucose-agar (1 per cent glucose, 

1 per cent yeast extract, 1 5 per cent agar) Duplicate tubes of each 
organism used are meubated for 24 to 48 hours at 30-37°, then held in the 
refngerator One culture is reserved for use in prepanng inocula from day 
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to day At the ead of 2 weeks, and at 2 week intervals thereafter, two more 
stab cultures are prepared from the unused culture, the old cultures are 
discarded, and the new cultures used in a similar manner m their place 
Lactobacillus casei^ nas the prmcipal organism used m the present mvesti 
gation, Lactobacillus arabimsus 17-5 was used in a few experiments (Table 

Inoculum for use in assay tubes is grown m a special medium This 
medium contains per liter 5 gm of Bacto-peptone, 1 gm of Bacto-yeast 
extract, 10 gm of sodium acetate, 10 gm of glucose, and 5 cc each of m- 
orgamc salt Solutions A and B - 

Of this medium, 10 cc portions are placed m tubes which are plugged 
with cotton, sterilized 15 minutes at 15 pounds steam pressure, and stored 
until needed 18 to 24 hours before the moculum is to be used, a transfer 
IS made from the stock culture to a tube of the inoculum medium, which 
is then incubated at 32° until used 

Basal Medium — ^The basal medium for the assay of ammo acids is shown 
in Table I AH solutions were covered with a thm layer of toluene and 
stored m the refrigerator Solutions 1 and 3 are stable for months. Solu- 
tion 2 should be renewed at mtervals of approximately 1 month The use 
of two solutions for the vanous ammo acids is arbitrary It was found 
convement to incorporate each of the ammo acids not reqmred for growth 
on the above medium in Solution 1 , which could be made up m large 
amounts Each of the ammo acids found essential for growth of one or 
another of the organisms tested was mcorporated m Solution 3 A sep 
arate Solution 3 is then made up for each ammo acid to be detennined, 
leavmg out that particular ammo acid, but mcludmg each of the others 
Thus for work desenbed in the present paper, two Solutions 3 were pre- 
pared, one which contnmed no valme, for valme assay, and one which 


contained no arginine, for arguune assay 
Standard Solutions — ^The standard solution of argimne was prepared by 
dissolvmg f(+)-argmme monohydrochlonde m water and diluting to a 
volume such that 1 cc was equivalent to 50 7 of l(-l-)-argmine (60 5 7 of 


l(-l-) -argimne monohydrochlonde) 

Owmg to the difficulty mvolved m obtammg pure l(-f )-vabne, dl-vahne 
was used as standard Separate tests showed that d( — )-vahne had no ac 
tmty in promoting grow th on the vahne-free medium, while adnuxtures 


I Cultures of these orgamsms may be secured from the American 
Collection Laciobactllus cocci is No 7469. iocfohoc.Hus aro5inosti^ No mi 
« These solutions have the following composition Solution A m, 

K HPOi 25 gm , water to make 250 eo , Solution B, MgSO< gm > g 

1 FeSO. THiO 0 5 gm , MnSO. 4H.0 0 5 gm , water to ^ke 250 cc Solution 
^rtlj precipitates on standing, it should be shaken well before use 
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Tahle I 

/?otnI Medium for Assay of /Imino jictrfs 
Items I to V, mixed m tlic nmounts designated, form the medium for 80 assay 
tubes 


I 

Solution 1, SO cc 



IV 

Solution 2, 10 cc 



Adenine sulfate 

10 

mg 


p-Aminobcnzoic 



Guanine 

10 



acid 

GOO y 


Xanthine 

10 

(1 


Biotin 

0 4“ 


Uracil 

10 

II 1 


Calcium panto- 



l(—)-Cj Stine 

100 



thenatc 

200 “ 


Gljcinc 

100 

II 


Nicotinic acid 

200 “ 


1(— )-Hjdroxj prolinc 

100 



PyridoMne hydro- 


dMsolcucinc 

200 



chloride 

GOO “ 


df-Mcthionine 

200 



BiboBavin 

200 “ 


dl-Norlcucine 

200 



Thiamine 



d/-Norv aline 

200 

II 


chloride 

200 “ 


df-Phcnylalnnine 

200 

II 


Folic acid* 

800 mg umts 


1(— )-Tjrosine 

100 

II 


Choline chloride 

5 0“ 


Ammonium sulfate 

3 0 gm 


Inositol 

5 0“ 


Sodium acetate (an- 




Water to make 

100 cc 


h>drous) 

G 0 

II 

V 

Solution 3, 10 cc 



Salts B 

5 0 CC 


(ii-Alaninc 

200 mg 


Dissoho by heating with water. 


I(-l-)-Arginine 



cool, add NaOH to pH 0 8-7 0, 


monohydro- 



dilute to 400 cc 




chlondet 

100 “ 

11 

Salts A, 2 cc 




l(-f)-Aspartio 


in 

Glucose, 2 gm 




acid 

400 “ 






;(-t-)-Glutamic 







acid 

1000 “ 






1(— )-Histidine 

100 “ 






Z(— )-Leucine 

100 “ 






Z(-f )-I>ysine 

100 “ 






Z(— )-Proline 

100 “ 






dZ-Senne 

200 " 






dZ-Threonine 

200 “ 






Z(-)-Trypto- 







phane 

100 “ 






dZ-Valinet 

200 “ 






Dissolve in 30 

cc water, add 






NaOH to pH 6 8-7 0, dilute to 






50 cc 



* Any concentrate of "potency” 1000 or greater is suitable (Mitchell, Snell, and 
Williams (5)) Material of potency 3000 was used in the present investigation 
800 mg units of this material weigh 800 — 3000 = 0 27 mg 

t When the medium is used for valine assay, valine is left out of t s so u ion, 
when it is used for arginine assay, arginine is left out of the solution, etc 




t»ETEn\nNATION OF AJIINO ACIDS I 

It With /(+)-^ al,ne had exactly the activity of the /(+)-vahDe alone 
m standard solution of xahne ivas prepared by dissohmg df-valme in 

7n\ ^ ® contained 100 r of l(+). 

\aliac (200 y of df-valine) 


Procedure 

Lipiess, Pyre\ test-tubes, 22 X 100 mm , mth 2 mm walls nere found 
convenient and ncre used in the expenmenfal work reported here Stand- 
ard size test-tubes (10 x 150 to 20 X 150 mm ) of umform dimensions may 
also be used These tubes ucre supported m wire racks in which they 
uere autoclaved and incubated 



MCROCRAMS OT IW-VALINE 
Pio 1 Typical standard curve for assay of vabne 


Suitable aliquots of the standard solutions or protem hydrolysates y\ere 
now added to the tubes To estabhsh the standard curve for valme {c^ 
Fig 1) points at the folloinng levels were used 0 , 0 , 2 0 , 2 0 , 4 0 , 4 0, 6 0 , 
8 0, 10 0, 12 0, 14 0, and 10 0 7 of l(-l-)-vnhne With argmine, points used 
to establish a standard curve were 0, 0 , 1 0 , 1 0, 2 0, 2 0, 3, 4, 5, 6 , 7, and 8 
7 of l(-l-)-arginme (c/ Fig 2) In each case, protem hydrolysates were 
taken in the quantities calculated to yield at least six points which would 


fall on tlie standard curve 

Two procedures have been commonly used In Procedure A, the stand 
ard solutions of ammo acids and the protem hydrolysates were so diluted 
that ordinary 1 or 2 cc pipettes, caUbrated at 0 1 cc intervals, could be 
used Total volumes up to 1 2 cc were used, the volume m each tube was 
then adjusted where necessary to 1 2 cc wnth water 1 25 cc of the ap- 
propnate basal medium, prepared as mdicatcd m Table I, and adjus e 
necessao’ to pH 6 8 to 7 0, w ere then added to each tube 

In Procedure B, the standard solutions of ammo acids were used un- 



J It MCMAHAN AND I 1 bNFLL 


87 


dJulcd, and more concentrated Fohitiona of protein lij drolysatcs were used, 
so tint the total aolumc added Mith the standard or protein hydrolysate 
sample did not snrjnss 0 2 cc For thm pnrpore, special pipettes’ pre- 
pared from 0 2 cc pipettes cnlibnted at 0 01 cc intcmls acre used When 
this method of introducing the sample was used, the volume of the added 
sample v\ ns disrcparded llio basal medium prepared as indicated m Table 
I and adjusted if nccessan to jiII G 8 to 7 0 was diluted with an equal 
volume of viator 2 5 cc of the diluted medium were then added to each 
tube A small amount of undissolved matcnal occnsionallv present m the 
medium did not interfere in anv w av if uniformly’ suspended by shaking 



WCROORAMS OF ni ARCINIKE 
Fie 2 Tjpical standard curve for assaj of arginine 

The assaj tubes prepared bj' one of the above procedures were plugged 
with lint-free cotton in the usual manner ■* Tiio racks of tubes, together 
With necessary pipettes or syringes, were sterilized bj autoclaving at 15 
pounds pressure for 15 minutes After cooling to room temperature, the 
tubes were ready for inoculation 

^ bubble about twice the diameter of the original capillary is blown near 
e tip of the pipette This la then drawn out to form a needle like tip about 30 mm 
pipette IS then cut off about 40 nun above the top graduaOon 
sn polished The pipettes were operated by a 1 cc hypodermic synnge of the m 
® m type, attached to the pipette by a 60 nun piece of pressure tubing slipped part 
Way over the barrel of the Bynnge A thin coating of light petroleum jelly on the 
Unger insures smooth operations With a little practice, volumes of 0 01 to 0 2 cc 
^ e elivered accurately and rapidly with this equipment 

fnW A f^sts, the racks were simply covered with clean laboratory t^c s, 

nro * ^ manner that each tube was covered by eight layers of cloth Ev ra 

necessary to prevent contaimnation when this is done, if these are 
dinsn'l ® rarely encountered, and the procedure is much faster than t a 
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Cells from the inoculum culture, descnbed above, vere centrifuged down 
The supernatant liquid was removed, and the cells resuspended m 10 cc of 
stenle 0 9 per cent sodium chlonde solution 0 2 to 0 5 cc of this suspen- 
sion n os then transferred to another 10 cc of sterile sahne solution Each 
assay tube was inoculated by stenle pipette or synnge (6) \ntb 1 drop of 
the latter suspension The tubes were incubated in a water bath at 32° + 
0 1° for 72 hours 

Subsequent tieatmcnt depends upon the method chosen for weasunag 
the grow th response If titration or pH measurements are to be used, these 
are earned out directlj on the contents of each tube With few excep- 
tions, x\e have employed turbidity measurements The contents of each 
tube xxere diluted with 5 cc of water delivered from an automatic pipette 
Each tube xvas shaken vigorously' and then allowed to stand a few moments 
for air bubbles to nse and break Just before being read, the tube was 
inverted carefully a few times, and the contents were poured into the cell 
of the measunng instalment The thermocouple turbidimeter (7) was 
employed almost exclusively for this purpose, but tnal runs with the Ei elyai 
photoelectric colorimeter and an Ammeo type P photometer showed these 
instruments also to be suitable, presumably’ any good photoelectric mstni- 
ment would serve With the turbidimeter, the galvanometer was set to 
read zero when distilled water xvas in the cell, 100 when the cell contents 
were completely opaque 

Samples of ty’pical standard curves obtamed are shown m Figs 1 and 2 
Similar curves must be obtained wuth each assay, and values for the con- 
tent of a particular ammo acid in the protein hydrolysate are obtained by 
interpolation on the corresponding standard curv'e From this, the per- 
centage of ammo acid present in the onginal protein is calculated 
Table II) The curves for valine and arginine are usable over the entire 
range above the first point (2 7 for valine, 1 7 for arginine) 

Prcparalion of Samples — ^I'hc following proteins were used in this study 
Labco vitamm-free casein, ICnox gelatin, lactoglobuhn, egg albumin, horse 
hemoglobin (once recry'stallized), horse hemoglobm (recrystalhzed three 
times), and silk fibroin The last five pure proteins were kindly supplied 
by Dr Max Bcrgmann 

A preliminary survey of hydrolysis conditions necessary to liberate a 
maximum amount of a given ammo acid from casein was made 100 mg 
of casein were placed m each of sixteen Pyrex test-tubes To ® 

sets of four tubes each w as added 1 cc of 2, 5, 10, and 20 per 
chloric acid The tubes were sealed m an 
of each acid concentration was autoclaved i 
G, and 8 hours The resultant hydrolysates 
for threonine Results with 10 and 20 pe 


oxygen name, wwu » — 
it 15 pounds pressure for 2 , 4, 
were assayed microbiologicaliy 
' cent acid were highest, and 
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showed little ditTcrcnce nt the mhous times Values for the 2 per cent 
acid approached tho«o gi\cn b} 20 per cent acid when h5'drolysis was con- 
tinued for S hours Later anothei experiment w ns earned out with 2 and 
10 per cent In drochloric acid and autoclaving times of 2, 4, 6, 8, 10, and 24 
hours Assaj s were run on each of the hj drolysates for each of the twelve 
ammo acids listed in Solution 3, Table I, except tryptophane and prolme 
Mlth most of these the x slues obtained after 6, 8, 10, and 24 hours of hy- 
drohsis were almost identical whether 2 per cent or 10 per cent acid was 
used The indicated \ aline content continued to increase slightly over long 

Table II 

Issay for Valtnc tn Labco VUamtn-Frec Casein 


Assn\ organiBm, Laclobacillus casci 


Ntlme xdded 

GaU’anomeler I 
readiQS j 

1 

Casein 

h>drotvsate 

added 

GaKinoracler 

reading 

Valine present 

Valine present 
in casein 

T 





7 

per cent 

0 

10 1 


17 

9 

2 75 

6 9 

0 

10 8 

GO 

20 

2 

3 75 

6 3 

2 

10 0 

60 

20 

8 

4 00 

6 7 

2 

10 2 

80 

23 

2 

5 25 

6 6 

4 

20 8 

80 

23 

0 

5 15 

6 4 

4 

20 5 

100 

25 

9 

6 70 

6 7 

6 

24 6 

100 

26 

3 

6 95 

7 0 

8 

28 3 

120 

28 

1 

7 90 

6 6 

10 

30 6 

120 

28 

0 

7 85 

6 5 

12 

32 9 

140 

29 

7 

9 10 

6 5 

14 

34 0 

140 

29 

7 

9 10 

6 5 

16 

37 1 

160 

31 

2 

10 4 

6 5 



160 

31 

1 

10 4 

6 5 

Average 

6 6 


penods of tune, however, and smee there was apparently httle destruction 
bj prolonged tune and high acid concentration, 10 per cent hydrochloric 
ncid and 10 hours autoclaving tune were selected for general use 

100 mg of each of the above proteins were hydrolyzed by this procedure 
The tubes were cooled and opened, and the hydrolysates washed out with 
nbout 95 cc of water, adjusted with sodium hydroxide to pH 6 8 to 7 0, and 
diluted to a final volume of 100 cc 

The above method is well adapted to handhng very small quantities of 
niatenal without loss By usmg small Pyrex tubes and the micro balance, 
quantitative assays for various ammo acids have been obtamed on protem 
samples of 1 5 to 3 0 mg 

Results of Assays — Detailed results of an assay of casern for vahne are 













90 


DETERmNATION OF WIINO ACHiS I 


given in Table II The number of points included in the assay is greater 
than ordinarily run to give a better idea of the degree of variation encoun- 
tered A similar assay for arginine at casein levels varying anthmeticallj 
from 40 to 160 y per tube, nith use of the standard curve plotted in Fig 2, 
ga\e percentage values for arginine in casein of 4 0 , 3 8 , 3 6 , 3 6 , 3 8 , 3 4 ,' 
3 4, 3 5, 3 5, 3 5, 3 5, and 3 8 , average 3 6 
The precision and probable accuracy of the test have been tested in 
various ways To see hoiv closely single points could be duphcated, a 
valine test was sot up which contained twenty-four tubes, each containing 
80 y of casein hydrolysate The average deviation from the mean reading 
was 0 4 galvanometer division From the standard curve this deviation 
represented 0 19 7 of vahnc, since 80 7 of casein contain about 5 4 r of val 
me, tlus represents an average deviation of less than 4 per cent of this 
value 


Table HI 


Recovery Experiments in Valtnc Assay, Comparison of Test Organisms 



1 V&line found 


Assay organism 



Recovery 

Casein alone 

Casein 4* 6 00 per 
cent added valme i 

f Laclobacillts arabinosus 

Prr (tnt 

per etnt 

ptr «"l 

C 86 

12 88 

100 

“ easel 

6 72 

12 92 

103 


6 80 

12 79 

100 


To test the reproducibility of assay values from one test to another, a 
senes of si\ assays for vabne was run over a penod of 2 months Different 
standard solutions, different pipettes, and different batches of medium 
were used m some of these assays, but the same casein hjdrolysate was 
used throughout The per cent valine found m each assay was as follows 
6 72, 6 66, 6 90, 6 46, 6 80, 6 62, average 6 69 The average deviation from 
the mean was 0 11 or 1 6 per cent of the mean 

Other indications of the reliability of the method may be obtained from 
recovery expenments, from agreement in results obtamed with differen 
test organisms, and from companson of assay values obtained with ot ers 
reported in the literature Table III,gives recovery expenments forva ne 
with both Lactobacillus casei and Lactobacillus arabinosus as testorgamsms 
For valine assay, there is little to choose between these twoorganis^^ 
Results are in excellent agreement, and recoveiy of added vahne is qu 
titative In Table IV, recovery ex-penments with argmne are ^orae 
With both casein and gelatin, recovery of added argnine is . 

The results of assays for vahne and argimne in the ’^enous pro 1 
are show-n in Tables V and VI Most of the values recorded in the nte 
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Tahu IV 


Ilccoierii rxpertmcnli tn Irgtninc Assay 
Ass 9\ orpnniFm, Laclohaalhn casei 


Protein h) dfol>'Mte 

^xraplc No 

Arciolne idded 

Arginioe found 

Recovery 



ftr rent 

fer erni 

fier cent 

Casein 

I 


3 93 





8 30 

109 


11 


3 55 





7 22 

92 

Gelatin 

I 


9 13 





13 05 

96 5 


II 


S 55 




10 00 

18 50 

99 5 


Table V 

^Iicrobtoloffical Valves for Valtnc Content of Proteins 


Assaj orgamsm, LaetobaciUus caset 


fyofeia 

Vuline content percent 

Amyl 

Assay n 

Averase 

Labco casein 

Ovalbumin 

0 86 

6 79 

6 7* 

6 8 

Silk fibroin 

3 11 

3 31 

3 2 

Horse hemoglobin (once rccryetallircd) 

9 18 

8 91 

9 0 

" (3 times rccrjstnllized) 

8 86 

8 77 

8 8 

Hactoglobulin 

6 05 

5 56 

5 8 

Gelatin (Knox) 

2 08 

2 66 

2 7 


’ Average of bij: determinations 


Table VI 

Microbiological Values for Arginine Content of Proteins 


Assay orgamsm, Lactobacillus casei 


Protein | 

Arginine content ' 

Values from 

Bibbo- 

graphic 

reference 

No 

Assay I 



literature 

Labco casein 1 

per cent 

3 81 

1 

per cent 

3 61 

per cent 

3 7 

per cent 

3 72 

8 

Ovalbumin 

6 79 

5 49 

5 6 

5 66, 6 6 

8, 9 

Silk fibroin 

0 98 

0 96 

0 97 

0 95, 0 76 

10, 8 

Horse hemoglobin (once recryetal- 
lized) 

3 47 

3 63 

3 6 

3 59 

8 

Horse hemoglobin (3 times recrys- 
tallired) 

3 23 

3 47 

3 4 

3 59 

8 

Lactoglobulin 

2 92 

2 90 

2 9 

2 89 

11 

Gelatin (Knox) 

9 56 

9 06 

9 3 

1 

9 34, 9 1 

12, 9 

























92 


PETER^aNATION OF A^^^O A.CIPS 1 


ture for valine have been obtained by the estei method, nhich Vickery (13) 
states IS unrehable Although it is easy to find figures supporting the 
assay \alues for valine found microbiologicallj , these are not given, since 
it would be equally easy to quote figures to agree vnth other very different 
values In the case of arginine, hors ever, for vhich reliable chemical 
methods are available (13), results obtained bj other norkers are hsted for 
comparison Excellent agreement is endent, nhich indicates the reli- 
abihtj of the present method, not only as applied to argimne, but as 
applied to other amino acids as nell It nas pnmanlj" to check reliability 
of the microbiological method that the determination of argimne vas 
investigated 


nrscossiON 


It IS IV ell known that various lactic acid bacteria differ in their require- 
ments for certain vitamins and growth factors This is true also of their 
ammo acid requirements Thus Lactobactllits casei is reported to grow 
mthout glycme or alamne (4), whereas Streptococcus hdts R reqmres 
both of these ammo acids for growth (3) The usefulness of this method 
for determimng ammo acids w ould thus be greatly enhanced if a medium, 
conditions for grow th, and methods for raeasunng growth applicable to as 
large a number of orgamsms as possible were selected I^he following 
features of the method were adopted in an attempt to do this (o) incuba- 
tion at 32°, (6) turbidimetnc measurement of the growth response to amino 
acids, and (c) selection of a medium as complete as present knowledge 
allows A bnef consideration of each of these factors may be helpful 
While it has been customary in past methods to incubate Lactobacillus 
caset at 37°, many of the other orgamsms of use m microbiological methods 
for amino acids (Lactobacillus arabtnosus, Lactobacillus pentosus, Leuconos- 
toe mescntcroidcs, Streptococcus lactis) have a temperature optimum nearer 
30° In practice, all of these orgamsms grow well at temperatures inter- 
mediate between the two extremes It is more practicable to maintain one 
incubator at a temperature at which all of the organisms grow' well rather 
than to maintain a number of different incubators If equipment is 
available, however, there is no objection to the higher temperature (37°) 
for L caset Thus two parallel assays of casein, with L caset as the test 
organism, one incubated at 32°, the other at 37°, yielded values for valine 
of 6 58 and 0 60 per cent, respectively, and the standard curves were almost 


exactly supenmposable 

Turbidimetnc measurement of the growth response was selected because 
It IS more rapid than titration and is apphcable to organisms such as Strep 
tococcus lactis and Leuconosioc mescnteroides which do not produce sufficient 
add during growth for convenient titration While it may be argued that 
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mcisurcmcnt of i)iotoi)I i-Jinic mass (turbiclitj ), piesumabh clircctlj de- 
pendent uijon the concenti ilion of an essential ammo acid, is more logical 
than nicasureinent of a more indiiect function, such as acid pioduction, in 
practice (he two methods gi\c identical icsults nlien acid production can 
be used Thus acid titration (elect ronictiic) of an assaj nith Laclohacillus 
ca<!ci on casein j icldcd an a\ eiage a aluc foi \ aline of 6 63 per cent Agree- 
ment between a allies obtained fiom duplicate tubes and at a'arious assay 
leads was cacellcnt 

Manj of the ammo acids present in the medium aie not essential for 
grow th of the test organisms Grow tli of these organisms upon an other- 
wase adequate medium cont lining onlj the indispensable amino acids is 
not as hcaa j as w hen complete ammo acid miatures are used (4) Mix- 
tures containing each of the aaell recognized ammo acids, on the other 
hand, support grow th as w ell as do hydrola sates of complete proteins, such 
as casein ^^jitagonistic effects between ammo acids, which occur fre- 
quentlj on media containing restneted mixtures of ammo acids (4, 14), 
occur much less frequenth w hen each of the known ammo acids is used m 
fairlj' substantial quantitj The possibility that such antagomsms may 
occur must, howeier, be borne m mind when the method is applied to 
new ammo acids Aspaiagme, known to stimulate grow th of Lactobacillus 
casei and other lactic acid bacteria (15, 16), was not added to the medium 
Its effect IS duplicated bj' glutamic acid (15) which is present m large 
amounts Its addition does not alter assaj' results, but for certam pur- 
poses, such as assay of glutarmc acid, application of the assaj to enzy- 
matic protein digests, or to hydrolj sates of unpunfied natural matenals, 
its addition is advisable 

In the case of valine, and all other cases so fai tested, the assaj organisms 
have been able to use onlj^ the naturally occurnng, I form of the ammo acid 
dl-Ammo acids can be used in the basal medium mteichangeabl} wuth 
natural ammo acids, but when thus used they are added m double the 
quantit 3 ’’ used for the natural acid In apphcation of the method wnth a 
new organism, or to a different a min o acid, the configurational specificity 
of the test organism to the ammo acid should be determined if possible 
error is to be avoided 

Of the vitamins and grow th factors included m the basal medium only 
cholme and inositol have not been shown to be essential for some orgamsm 
of the lactic group A numbei of them (c g pyndoxme, iiboflavm, thia- 
nime, folic acid) could be dispensed with if one of the less fastidious or 
ganisms, such as Lactobacillus arabtnosus, was used exclusiieh for ^say 

The effect of incubation time has been studied bnefl} After a ay 
incubation period there is no tendency of values to ‘dnft” upw ard or 
ward at mcreasmg dosage levels When the incubation period is shortene 
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to 24 hours, groirth has not proceeded to completion and such draft be- 
comes endent, higher values being obtamed at the low levels 

In general, the values obtained are in somewhat better agreement with 
each othei than w'hen similar tests are used for vitamin assay This is to 
be expected, since the substances to be determined constitute a larger 
proportion of the sample, and the sample itself does not contain so many 
matenals likely to interfere with the assay Prelumnaiy attempts to apply 
the assay to hydrolysates of crude protem-contammg matenals, such as 
dned egg, dned pork, etc , indicate that the method may also be useful 
here 

Shghtly lower blanks are obtamed if cells for moculum are grown in the 
ammo acid basal medium with a mmimal amount of the ammo acid to be 
determined Assays secured with such inocuia tend to be somewhat er- 
ratic, however Much more regular results are obtamed when the inocu- 
lum IS groivn in the special ennched medium recommended above This 
probably indicates stimulative action by small amounts of a substance or 
substances not furnished in the basal medium, but earned over in adequate 
amounts by cells of the inoculum when these are groivn in nch media 
Kuiken et al (17) m a prehmmary note have indicated requirement for such 
a stimulative substance by Lactohactllus arahtnosus when this organism is 
used for ammo acid assay m a basal medium based on that of Snell and 
Wnght (18) These authors also found isoleucme to be an essential 
ammo acid for Laciobanlhis arabinosus, a finding which did not appear from 
the above work This discrepancy is most probably due to contammation 
of some of the natural ammo acids used in the medium with minute amounts 
of isoleucme Thus, with an essential amino acid required m the same 
amount ns is arginme, a cumulative impunty of this ammo acid amounting 
to only 0 14 per cent of the natural ammo acids added per tube would be 
sufficient to furnish all of it required, and thus completely mask the re- 
quirement for it Contammation of the natural ammo acids with traces 
of other ammo acids is the chief factor contnbutmg to the high blanks ob- 
served m the assay of some ammo acids Obviously, the best way to cir- 
cumvent this situation is to replace the natural ammo acids of the medium 
b> synthetic products whenever these are available 

The use of large quantities of amino acids m basal media for ammo acid 
assaj IS expensive Partlj for this reason, the assay was earned out upon 
3 2 6 cc scale rather than upon the more customary 10 cc scale The 
precision of the assay is not increased m any way by using the larger 
volume, while the “micro” nature of the assay is influenced adversely , but 
there is no objection to using the larger volume, especially if acid titration 
IS used to follow grow th Since growth on the medium is quite heavy, uhu- 
tion IS advisable prehmmary to making turbidity measurements, and tne 
smaWcT volume is more convement here 
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A number of npphcitions for the gcnoial method outlined m the present 
paper suggest thcm«ehcs Besides being apiihcnble uhere more cus- 
tomarj' methods ^cnc, its sensituilj should permit apphcntion to deter- 
mination of the ammo acid composition of rarer proteins, for uhich data are 
extremely scarce at present When the unnatural form of an ammo acid 
IS inactive, the method can be used to determine the rate of racemization 
as influenced bj the presence of othci opticalh active compounds Whether 
amino acids arc fulK aa ailablc to the organisms when combmed in soluble 
peptides has not been determined, if so, analyses could be earned out on 
enz3matic digests of proteins 


suMMAna 

A medium and proccdurc arc outlined for the quantitative determination 
of ^ ahne and arginine m protein hj'drolvsatcs, based upon their essential 
nature for Laciohaallus casci and Laclohacillus arabinosus It is accurate, 
applicable to the detection of minute amounts of amino acids, and requires 
no extensive pretreatment of the protein hydiolj'sate Bj suitable " 
fications of the basal medium, and the use of a number of orgasms, t e 
procedure is applicable to determination of seieral amino acids esi es 
\ ahne and argimne Possible variations and applications of the technique 
are brieflj discussed 
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DETERMINATION OF THE IODINE NUMBER OF WHOLE PHOS- 
PHOLIPID 

B\ P L MacLACHLAN 

(F rom the Department of Btochemtstry, School of Mcdtcinc, TI cst Virginia University, 

Morgantown) 

(Rcccucd for publication, September 30, 1943) 

Direct determination of the iodine number of whole phospholipid, as de- 
senbed by Ynsuda (1), has been found to give erratic and tariable lesults 
(Bo} d (2)) This has been confirmed b}' the author, and is apparently due 
to the presence of magnesium chlonde in the chloroform solution of the 
phospholipid Reliable and reproducible iodine numbers were obtamed 
t\hen the chloroform solution of phospholipid was evaporated to dr 3 mess 
and the phosphohpid rcdissolved in chloroform prior to carrying out the 
determmation 

Boyd’s solution to this problem was to detenmne the iodine number of 
the phosphohpid fatty acids following sapomfication and extraction with 
petroleum ether However, it has been show n by Wilson and Hansen (3) 
that the phosphohpid fraction of human blood serum contains a vanable 
amount of unsaponifiable phospholipid, w hich averages about 19 per cent 
(range, 4 to 32 per cent) of the total phosphohpid This observation has 
been found by the author to be true for blood plasma and other tissues as 
well (Table I) Therefore, the use of the sapomfication procedure may 
introduce an appieciable error into the iodine number of phosphohpid fatty 
acids 

The use of moist ether to dissolve the phosphohpid, as described by 
Bloor (4), followed by evaporation and re-solution m chloroform, has been 

found to give fail Ij reliable iodine numbers for w hole phosphohpid How- 
ever, link. Page, and Van Slyke (5), and more recently Sinclair and Dolan 
(6), have shown that some of the phosphohpid from both blood and tissues 
does not redissoh^e in moist ether The amount of ether-msoluble phos- 
phohpid was found to depend upon the amount of magnesium chlonde used 
as well as upon the source of the phosphohpid All other conditions bemg 
constant, the percentage of ether-insoluble phosphohpid was higher for 
blood plasma than for various other tissues 

EXPERIMENTAI, 

When chloroform was used to dissolve the phosphohpid, as described in 
the procedure of Yasuda (1), unieliable iodine numbers were obtained 
As will be shown later, reliable and reproducible lodme numbers w'ere ob- 
tamed when all mixtuie of chloroform and ethei was used, instead of 
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chJoroform, as a solvent for the phospholipid Experiments showed 
however, that the chloroform-ether mixture did not dissolve the phos- 
pholipid as completely (92 per cent) as did chloroform (Table II) It w as 
found, moreover, that 2 1 or 3 1 muxtures of chloroform and ethei did nob 
dissolve the phospholipid more completely than did a 1 1 mixture 
Direct determination of the lodme number on a chloroform solution of 
phospholipid frequently resulted m verj’^ low titration values (002 to 0 15 

Table I 

Unsapontfiahlc Phoiphohpid Conlcnl of Blood and Various Tissues, As Percentage of 

Total Phospholipid 

The figures in parentheses represent the range of values 


Source of phospholipid 

1 No of sampler 

Uosaponifiable phos- 
pholipid 

Blood plasma (dog) 


21 6 (18 5-24 2) 

Red blood cells (dog) 


1 45 0 (43 4-47 8) 

Smooth muscle (pigeon gizzard) 


28 7 (19 6-42 0) 

“ " (rabbit uterus) 


38 2 (20 3-55 5) 

/Skeletal muscle (rat) 


6 5 (2 4-12 5) 

Heart muscle (pigeon) 


9 2 

Tumor tissue (rat) 

G 

4 1 (3 0- 6 2) 


Table II 

Data on Egg Yolk Phospholipid and Magnesium Chloride with Chloroform and 
Chloroform Ether Mixtures As Solvents 


SolVCTll 

No of 
samples 

Phospholipid 

Phospholinid 

lecoverw 

MfCIi token up 





Per cent 

mg 

Chloroform 


6 

2 85 ± 0 01 


4 6 ± 0 of 

Chloroform ether (1 1) 

6 

2 63 ± 0 02 

92 2 ± 0 8 

1 3±00 

II 

(2 1) 

2 

2 63 d: 0 03 

92 4 ± 1 2 

1 4 d:0 1 

(1 

(3 1) 

2 

2 65 db 0 02 

92 9 d: 0 8 

1 2±0 1 


* Expressed as per cent of the value obtained with ehloroform 
■f Average of duplicate determinations 


cc of 0 02 N Na^SiOj) for the subsequent determmation, mdicatmg httle or 
no excess bromine In order to ascertain whether the magnesium chloride 
was the factor responsible, an experiment was carried out to determine 
whether any magnesium chloride xvas taken up w'hen chloroform ivas used 
to dissolve the phospholipid Samples of phosphobpid were precipitated 
with acetone and 0 1 cc of a 30 per cent solution of magn^ium chlonde 
in 95 oer cent alcohol (27 6 ± 0 3 mg ) and the precipitated phospiiohpid 
dissolved either chloroform or cfaloroform-ether mixtures being used 
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Determination of the residual magnesium chloride in the undissolved 
residue, bv the ^^oIIlard-Han cv method (7), showed that more magne- 
sium chlondc was taken up when chloroform was used to dissolve the 
phospholipid than when a mixture of chloroform and ether was used 
(Table II) Apparcntlj the chloroform solution of phosphobpid tends to 
hold appreciable amounts of magnesium chlonde, in fact the amount of 
magnesium chlondc taken up (4 6 mg ) exceeded the phospholipid in 
amount (2 85 mg ) when chloroform alone was used as the solvent The 
presence of ether in tlie chloroform lessened this tendency appreciably, 
andequallj well in ratios of 1 1, 2 1, or 3 1 of chloroform and ether 

That the solvent per sc was not responsible for taking up the magnesium 
chlonde was shown by the finding that blank determmations, with chloro- 
form, chloroform-other (1 1), or moist ether as the solvents, gave complete 
recoi'ei^' of the magnesium chlonde m the undissolved residue With 
27 6 d: 03 mg of magnesium chlonde, the amounts recovered were, 
respectuely, 27 9 =b 0 3, 27 7 db 0 1, and 27 5 ± 0 0 mg 

In an attempt to cxplam the unreliable iodine numbers for phosphobpid 
obtained when chloroform wns used as the solvent, it was shown that the 
presence of magnesium chlonde in the pyndine sulfate dibromide reagent 
alone was not responsible Addition of varymg amounts of magnesium 
chlonde (0 0 to 13 8 mg ) to blank determinations did not affect the titration 
values obtained, the average titration value obtamed for eight detenmna- 
tionswas3 60 ± 0 01 cc of 0 02 n Na-SjOj It was found, moreover, that 
the addition of varymg amounts of magnesium chlonde (0 0 to 16 6 mg ) to 
samples of egg yolk phosphobpid dissolved in chloroform was without effect 
on the lodme numbers obtained, the average iodine number obtained for 
twelve samples wasSlO ± 07 

Recent work in this laboratory on the degree of unsaturation of the blood 
hpids of fasted mice (unpubhshed) gave very vanable and unrehable lodme 
numbers for the phospholipid fraction, the iodine numbers obtamed for 
fourteen samples ranged from 92 to 723 Four samples of egg yolk phos- 
phohpid, precipitated with acetone and magnesium chloride and dissolved 
in chloroform, gave very high and vanable lodme numbers (216 d: 42) 
(Table III) In contrast, both chloroform-ether and moist ether solutions 
of the same phosphobpid gave reliable iodine numbers Smee the latter 
solvents necessitate evaporation to dryness and re-solution of the phospho- 
lipid in chloroform pnor to carrymg out the determination, it was suggests 
that the process of evaporation to dryness might be responsible for t e 
improved values To test this, seven samples of egg yolk phosphobpid 
were precipitated ivith acetone contaimng 0 1 cc of a 30 per cent solution o 
magnesium chloride m 95 per cent alcohol, and the precipitated phos- 
pholipid was dissolved m chloroform Two ahquots of each sample were 
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taken and one of each jiair e\ aporated to drj-ness and redissoh ed in chloro- 
form The a%erage iodine number obtained foi the seien samples nhich 
had been subjected to einporation was /5 S ± 0 9, nhich is in good agree- 
ment n ith the i nines obtained for egg a oik phosphohpid inth either chloro- 
form-ether miNture or moist ether as the soh ent (Table III) Determina- 
tion of the iodine number of the seren samples which had not been e\ apo- 
rated to drjmess showed little oi no e\cess biominc, the titration lalues 
amounted to 00 to 002 cc of 0 02 \ rCa-S-Oj, indicating i eri high iodine 
numbers 


Table HI 

Vala on Phospholipid from Different Sources 
Chloroform, chloroform ether (1 1), and moist ether were used as sohents 
0 I cc of 30 per cent magnesium chloride in 95 per cent alcohol (27 6 ± 0 3 mg ) 
was used 


Source of phospholjpjd 

Soh ent 

\o 

of sam- 
ples 

1 

Phosphohpid 

Phos- 

phohpid 

rtco% 

ertd 

Iodine \o 

ee joik 

Chloroform 

4 

2 3S ± 0 02 

f-rreent 

216 0 ± 42 0 


Chloroform ether | 

4 j 


91 6 

76 0 ± 0 0 


! Jfoist other 

2 j 


SS 2 

76 0 ± 0 5 

IITiolc blood (mouse) 

1 

' Chloroform ether 

' 6 ' 

fxratUf 

325 ±0 


ST id: 04 

“ “ (hu- j 

ChloroformJ 

G. A 

30S ±4 


' S08± 02 

man) ; 

Chloroform ether 

o << 

295 ±2 

95 7 

SO S± 0 2 

1 

Moist ether 

2, “ 

2SS ±4 

93 5 

79 5 ± 0 5 


Chloroform ether 
Jloist ether 1 

0. B 

6 , 

302 dbO 

293 ±0 


55 5 ob 0 1 

56 3 ± 11 


* Expressed as per cent of the mluc obtained with chloroform 
t Axcrage of duplicate dcterrainafions 

t Subjected to cxaporntion for defemunation of the iodine number 


The chloroform solution of the phosphohpid samples which had been 
subjected to eiapoiation invanabh appeared cloudy, wheieas the original 
chloroform solution w as clear It is suggested that during the precipitation 
of phosphohpid with acetone and magnesium chloride tlie latter tends to 
form a complev with the phosphohpid winch is soluble, to some extent, in 
chloroform and is responsible for the unreliable iodine numbers obtained 
E\ aporation to drj ness roaj alter this complev so that it does not interfere 
in the subsequent determination of the iodine number 

Chloroform pioxed to be the best soh ent for phospholipid IDth the 
ovidatne method of Bloor (4), the phospholipid lalues obtained when a 
chloroform-ether mLvtuie and moist ether were used as the sohents were 
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approMnntelv 02 and SS !)cr cent, rcspccti\ elj', of that obtained \\hen 
chloroform was used (1 able III) 

In the procedure finalh adopted 7 cc of acetone and 0 1 cc of 30 per cent 
solution of magnesium chlonde in 95 per cent alcohol were used for the 
precipitation of the phospholipid, as recommended by Boj'd (8) and 
Sinclair and Dolan (G), followed b\ solution of the phospholipid wath 
chloroform, in two ‘5uccc':‘=i\ c jiortionsof? and 3 cc each After centrifu- 
gation a ‘uiitable aliquot of the chloroform solution of the phosphohpid was 
e\ aporated to dmicss and the phospholipid redissoh ed m chloroform for 
the determination of the iodine number Results of analyses of phos- 
pholipid from blood, wath chlorofoim (subjected to eyaporation), chloro- 
form-ether (1 1), and moist ether as the sohents, are given m Table III 

Si\ samples of phosphohpid from mouse w hole blood gaye uniform iodine 
numbers when a chloroform-ether mixture was used as the solvent and 
showed approximateh the same degree of unsaturation as phospholipid 
from human blood 

The iodine numbers obtained for the phosphohpid from each of tw o sam- 
ples, A and B, of human blood were aery uniform when chloroform (sub- 
jected to evaporation), chloroform-ether (1 1), or moist ether was used as 
the soh ent (Table III) Wien the phosphohpid fattj acids are computed 
as two-thirds of the phosphohpid, the aaerage iodine number (83) agrees 
avith the value (124) reported bj Boad (2) for human blood plasma The 
aalue obtamed for the phosphohpid content of the blood when chloroform 
was used as the sola ent aa as higher than those obtained when a chloroform- 
ether mixture and moist ether were used In this respect chloroform is 
the solvent of choice 


SUaiJIARX 

The use of chloroform as a sola^ent for phosphohpid, precipitated avith 
acetone and magnesium chloride, results m very erratic and unrebable 
iodine numbers This apparently is due to a tendency of the chloroform 
solution of phospholipid to hold appreciable amounts of magnesium 
chloride 

Reliable and reproducible iodine numbers were obtained when the 
chloroform solution of the phosphohpid aa as evaporated to drjmess and the 
phosphohpid redissola^ed in chloroform pnor to carrjmg out the determma- 
tion Reliable iodine numbers for phosphohpid aaere also obtamed when 
chlorofoim-ether (1 1) and moist ether aaere employed as sola^ents 

The chloioform-ether mixture pioaed to be a better sola ent than 
ether for phosphohpid, howeaer, neither of these solaents dissolaed t e 
phosphohpid S'? completelv as did chloroform 
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Sl'NTHESIS OF A SECOND ISOMERIC FORM OF 3,4-DIAMINO- 
TETRAHYDROTHIOPHENE 

Br GLEN W KILMER and HERBERT McKENNIS, Jr 

{From the Department of Biochcmtstrj/, Cornell Unucrsily Medical College, New York 

City) 

(Rccci\cd for publication, October 16, 1943) 

In a recent communication from this laborator}' (1) the synthesis of a 
3,4-<liammotetrahjdrofhiophcne and a comparison of its properties with 
those of the diammocarbo\'j he acid derived from biotm vere reported 
The present report deals mth the sjTithesis of the diastereoisomenc 3,4- 
diammotetrahj drothiophcne, vhich for coni enience is designated Isomer 
B The steps in the sjti thesis are sliown in the accompanying reactions 
l,4-Diaceto\ybutene-2 (I), prepared from 1 ,4-dibromobutene-2 and 
potassium acetate (2-4), i\as used as startmg matenal m the present syn- 
thesis Addition of bromine to (I) gaie the dibronude (II) which was 
bneflj described by Gnncr (2) Methanolysis of (II) or, much less ex- 
pediently, hydrol 3 'sis of (II) mth dilute acid produced 2,3-dibromobutane- 
dioI-1,4 (ni) nhich Prdiost (4) prepared by the addition of bromine to 
2-butenediol-l,4 Compound (III) was conierted to the bis(phth3hmido) 
denvatne (nO, which was hjdrolyzed to 2,3-diarmnobutanediol-l,4 
dihydrobronude C'i'^) This compound was also prepared by conversion of 
the diacetovydibromobutane to 1 , 4 -diacetoxy- 2 , 3 -bis(phthahmido)butane 
(ITII), which was then hydroli'zed to compound (V) The latter route 
was found to be less adi antageous Further evidence that these different 
routes led to the same stenc form of compound (V) was afforded by a com- 
parison of the dibenzoyl derivatives of the samples prepared by each 
method 

Attempts to replace the hydroxjd groups of (IV) by halogens by use (ff 
either thionyl chlonde, phosphorus pentachlonde, or phosphorus and 
lodme, were not verj’’ promising Also the preparation of the 1 ,4-dihalo- 
butane derivative from (V) or its dibenzoyl or bis(p-bromobenzenesulfonyl) 
derivatives by use of a variety of reagents w as unsatisfactory In contrast 
to ethanolanune, which gives a good yield of bromoethylamine bjeto 
bromide w'hen treated ivith funung hj^drobromic acid (5), compound 
or (\TII) W'hen similarly treated gave onlj a 1 to 2 per cent 3 neld o 1 , - 
dibromo-2,3-diaminobutane The latter compound was isolated as the 
dibenzoyl denvative Compound (V) failed to react with phosphor^ 
pentachlonde m the presence of acetyl chloride under the conditions us^ 
to replace the hydroxyl group of serme (6) Also w'hen (V) was re ux 
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HC===CH Br Br Br Br 

CHjCOOCH CHjOOCCH, > HC CH > HC CH 


CHiCOOCH, CHsOOCCH, CH, CH, 



HC CH HC CH 

CH.COOHjC CHjOOCCH, CH, CH, 


OH OH 

(VIII) I (IV) 
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for 2 to 4 hours m 57 per cent hjdnodic acid solution, o-ver 90 per cent of 
the starting nialcnnl could bo recovered 

Howe\er, conversion of the diaminodiol (V) to 3,4-diammobutane-l,4- 
disulfunc acid 0^1) iirocccded \ er 3 ' smoothl}' The latter compound upon 
treatment vnlh sodium sulfide gave a 3,4-diammotetrah3drothiopheDe 
(Isomer B) (\TI) which was isolated as the dipicrate Tlie compound was 
further chanctcnzcd as the crjstalhne dibenzojd dematne, which melted 
at 238-239“ Tiic dibcnzojl derivative of Isomer A melted at 295-300“ 
The diacet}’! denv ative of Isomer A sublimed at about 260-265“ (1), 
whereas that of Isomer B melted at 173-175“ Isomer B appeared to 
react with phcmntlirencquinone under mild conditions, but all efforts to 
isolate a dibonzoquinoxahne denvative for companson with that reported 
for Isomer A were unsuccessful 

Both of the isomenc 3 ,4-diaminotetrah3'drothiophenes, when heated with 
phosphonc acid, evolved v'apors which gave the mdophenme reaction for 
thiophene with isatin and sulfuric acid Furthermore when these vmpors 
m each case were collected in carbon tetrachlonde and the solution was 
treated with bromme (7), tetrabromothiophene was isolated 

If an allyhc rearrangement* had occurred in the preparation of 1,4- 
diaceto \3 butene-2 (I), it is not mconceivmble that the end-product of the 
synthesis could hav'e a bimolecular structure of the type shown bv formula 
(IX) How ev er, this structure vv ould not be expected to vield thiophene 
when heated with phosphonc acid In addition a determination of the 
molecular weight of the dibenzoyl denv ativm agreed withm experimental 
error with that expected for the dibenzoyl denvativ e of the monomenc 
compound (\TI) 

Whereas biotm can be res 3 iithesized (8) from the diammocarbox 3 hc acid 
denved from it b 3 '' treatment with phosgene and sodium hydroxide, it was 
reported that under these conditions Isomer A did not 3 ield a C 3 ’'chc urea 
denvntive (1) Likewise no cychc urea was isolated after Isomer B was 
treated with phosgene and sodium hydroxide It is apparent that struc- 
tural features in addition to the configuration of the ammo groups are 
responsible for the ease of formation of biotin from its diammocarboxyhc 
acid, which has been shown to be 3,4-diamino-2-tetrah3drothiophene-7i- 

valencacid (8-10) 

EXPERIMENTAL 

1 >4-Diacetoxy-2 ,8-d{bro7nohutane — This compound was prepared by 
Gnner (2) but smee few details were giv^en our procedure is giv en m full 
80 gm of 1 ,4-diacetoxybutene-2 (2, 3) were dissolved m 382 cc of dry 

‘ Provost (4) stated that the diaoetoxybutene obtained from l,4-dibromobutene-2 
was a 1,4 denvative, but did not present the evidence that no allvlic rearrangement 

had occurred 



106 


3,4-BIAMaOTBrilAHYI)ROTHIOPHENB ISOMERS 


chlorofoiTO, the solution nas cooled to betneen -30® and -40°, and 74 5 
gm of bromine in 410 cc of dry chloroform were added dropwise with 
stirring dunng 4 5 hours After standing for 3 to 5 hours at -30°, the 
solution was remoi ed from the dry ice bath and was decolorized with, dilute 
sodium thiosulfate solution The chloroform layer was separated, was 
washed with water, and was distilled tn aactio without drying The oily 
solid left as a residue was dramed on a filter and washed with a 1 2 mixture 
of ether and hexane More oil was removed on filter paper 125 gm of the 
dibromo derivative w ere obtamed The yield represents 81 per cent of the 
theoretical yield The meltmg point was S3 5-86 5° (capillary) Grmer 
reported a melting point of 87° Purification of our crude product for 
analysis was effected by precipitating the compound from chloroform by 
addition of hexane and subsequent recrystaUizatwn from benzene The 
micro melting point of the purified matenal was 84-85°^ 

C,H„ 04 Br (331 9) Calculated, C 28 95, H 3 62, found, C 29 02, H 3 98 

3 .5- Dtbromobutancdiol-1 ,4 — A solution of 904 mg of l,4-diacetoxy-2,3- 
•romobutane, 3 6 cc of methanol, and 0 01 cc of concentrated HCl was 

allowed to stand at 45-47° for 26 hours (11) The solution was concen- 
trated to dryness ta vacuo, the residue consisted of almost colorless pnsms, 
mp 131-1315° (capillary) The yield was almost quantitative A 
sample was punfied for analysis without improvement of the melting point 
by successive recry stallizations from water and alcohol Provost (4) 
prepared this compound m a different way but reported few data other 
than the meltmg point (132 5-133°, corrected) 

C.HiOiBr (247 9) Calculated, C 19 38, H 3 25, found, C 19 56, H 3 50 

2 .5- Bis{phthaltmido)biitanediol'l ,4 — 2 6 gm of 2,3-dibromobutanediol- 
1 ,4 and 15 3 gm of potassium phthahmide w ere finely powdered and to the 
mixture 100 cc of diy xwlene w'ere added The mixture, protected from 
atmosphenc moisture by a calcium chlonde tube, was refluxed at a bath 
temperature of 170° for 73 hours (12) Caked matenal was crushed at 
frequent mtervals during the heating The cooled reaction mixture was 
filtered and the solid matenal was washed thoroughly with 5 per cent KOH 
and then xvith water The dned insoluble matenal w'eighed 1 44 gm , 
which represents 36 per cent of the theoretical yield The product melted 
at 295-299° This compound is x cry sparmgly soluble m the usual sob eats 
except l,4-dio\ane and ethylene glycol monoethxl ether Successive 
iccmtalhzation from these latter solvents yielded colorless crystals, mp 

300 - 302 ° 

' TOtospomts, unless otherwise noted, were taken on a micro melting point 
appatato 
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CscHi.OiN, (3S0 4) Cikulfttcd, N 7 37, found, N 7 36 

£ ,S-DiamtnohdancdtoI-l ,4 Dihydrobromtdc — 100 mg of the diphthal- 
unidodiol and 1 4 cc of 4 8 per cent HBr w ere refluxed for 21 hours The mix- 
ture nas cooled mth stimng and was then filtered Phthahc acid was 
washed from the product wth absolute ethanol and ether The residue 
weighed 274 mg , w Inch represents 92 per cent of the theoretical yield The 
salt was punfied for analysis bj solution in a small x olume of m ater and pre- 
cipitation mth dioxanc Tlie pure matcnal consisted of stnated plates 
which began to decompose at about 220° 

CiHiiOjNjBrj (2S2 0) Calculntcd, X 9 D4, found, X 10 09 

Dibcnzoyl-S ,S-dtammohutancdtol-l ,4 — Bj treatment of the diairune with 
excess benzoj 1 chlonde and 10 per cent NaOH a dibenzoyl derivative which 
was insoluble m dilute acid could be obtamed The compound was 
crj^alhzed from absolute alcohol and from dioxane, the white flaky prisms 
melted at 208-209° 

CiiH 5 oO<Xi (328 4) Calculated, N 8 55, found, N 8 32 

TelTahcnzoyl-2 ,3-dtamxnobutancdtol-l ,4 — Id some experiments it was 
possible to isolate from the mother liquors of the dibenzoyl denvativea 
tetrabenzoyl derivative The compound crj’stalhzed from absolute alcohol 
as long prisms, m p 203-204° 

Cj Hj.OiX, (536 6) Calculated, N 5 22, found, N 5 45 

Bls{p-broTnobenzenesulfonyl)-2 ,3~dtaminobutanediol-l ,4 — Treatment of a 
sample of the anune salt with p-bromobenzenesulfonyl chlondc and alkah 
by a procedure similar to that used by Adams and Caims (13) for ethanol- 
amme yielded an acid-msoluble alkah-soluble bis(p-bromobenzenesulfonyl) 
derivative After repeated recrystalhzation from alcohol and from acetone 
the compound was obtamed as colorless crystals, m p 245-247° 

CuHi.O.N Br,S, (558 2) Calculated, X 5 02, found, N 5 36 

1 ,4-B>iaceloxy-2 ,3-bis{phihalirmdo)bulane — 4 7 gm of l,4-diaceto3^- 
2,3-dibromobutane and 21 gm of finely powdered potassium phthahmide 
were refluxed m 45 cc of dry xylene for 41 hours The sohd matenal w as 
collected on a filter and was washed by suspension in hot benzene, foUowe 
by cold 5 per cent NaOH and finally water The white sohd remammg 
Weighed 1 2 gm , which corresponds to 19 per cent of the theoretical yie , 
the meltmg pomt xvas 238-240° The matenal could be punfied by ^ 
crystalhzation from dioxane or acetic acid The pure matenal form 
white granular crystals, m p 250° 

C,,H,oO,N, (464 4) Calculated, N 6 03, found, N 5 79 
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When this compound uas heated for 10 hours noth boiling 48 per cent 
HBr as described above for the bis(phthahinido)diol, 2,3-diaminobutane- 
dioI-1,4 dih}-drobromide vas obtained in good yield That this route 
yielded the same compound as that described aboie Mas shorni by prep- 
aration of the dibenzojl denvative from the salt prepared bj hydrolysis 
of the diaeeto\ybis(phfbahmido) compound This derivative had the same 
melting point as that of the dibenzoyl derivatn e described above and an 
equal mixture of the tvo shoned no depression in the meltmg point 

Upon eiaporation the X 3 dene-benzene liquors from the bis(phthaliniido) 
derivatn c t lelded a halogen-contammg compound After several ciystalh- 
zations from alcohol the material formed beautiful Mhite blades, mp 
148-149° The nitrogen content checked uath that for the mono 
phthalimido derivatii e 1 ,4-diacetox\''-2-bromo-3-phthalimidobutane The 
yield of crude monophthalimido derivative vas about 20 per cent of the 
theoretical xield based on the diacetoxTdibromo compound 

CuHuOtKBr (39S 2) Calculated, X 3 52, found, N 3 42 

1 ,4-Dibronw~2 ,S~bis{hcmaiindo)butanc — 10 gm of diacetoxybisCphthal- 
imido)butane and 20 cc of HBr (saturated at 0°) m ere heated for 80 mm- 
utes at 170° in a sealed tube (5) Tlie reaction mixture mbs concentrated 
ahghtlv, Mas cooled, and the phthalic acid Mas collected on a sintered glass 
filter The filtrate m as then concentrated to a a olume of about 2 cc , small 
quantities of solid Mere remoxed bx filtration, and the oil xxas treated m 
ice-cold NaOH solution with benzoyl chlonde The solid material Mas 
recrystalhzed sexmral times from alcohol-Mater and formed long colorless 
prisms, m p 156-157° The xaeld xvas 13 mg or about 1 3 per cent of the 
theoretical jneld 


Ci,H,,O.N Br. (454 2) Calculated, Br 35 19. found, Br 35 21 

2 ,S-Diaminobutane-l ,4-disulfunc Acid — 880 mg of the dioldiamme 
dihydrobromide xx ere dissolx ed in 7 8 cc of xx ater The solution xvas cooled 

in ice and 975 mg of pure silxmr sulfate xvere added sloxxlj Mith stimng 
The AgBr xx as collected on a filter and xx as xx ashed, and the filtrate xx as 
treated xvith decolorizing caibon, xxas refiltered, and xxos ex'aporated to 
dryness m vacuo To the cijstalline sulfate xxere added about 610 mg o 
concentrated sulfuric acid (14), and the mixture xxas heated m a bat a 
140° foi 25 minutes xxith stirring Tlie product Mas cooled in ice and cc 
of xxater xxere added, folioxxed by enough 10 pei cent KOH for ° 

the solid The filtered solution xxas acidified to Congo red xx ith di u e 
and the xxhite precipitate m as collected and xx as xvashed xvith xx ater 
material xxeighed 874 mg , xxhich is approximately the 
sample xx as purified bx sex eial reprecipitations from alkalm s 
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dilute acid TJic pure nntcnal decomposed from 280° on the micro meltmg 
point stage 

C.Hi 0,\ <5 (2S0 3) Cnicuinted, N 10 00, found, N 9 97 

S,4 Diammotctrahridrothiophrnc Dipicralc (Isorncr B) — 150 mg of the 
disiil/iinc acid ester, OGO mg ofNn-S 9H-0, and -10 cc of natern ere heated 
for 3 hours at 110° in a scaled lube (15) The solution ^\as made quite 
strongb acid, iv a= treated w ith decolorizing carbon, and uas filtered The 
filtrate was concentrated to a \oIumc of about 3 cc This solution was 
refiltered, was diluted to 35 cc , and 730 mg of picnc acid were added 
The solution was heated to boiling with stirnng After several hours m a 
rcfngerator the mellow solid was collected on a filter and was washed wnth 
water Keen stalhzation of the material from hot 50 per cent alcohol after 
treatment wath decolonzing carbon ga\c 230 mg of the dipicrate, repre- 
senting 25 per cent of the theoretical jneld ITie compound crystallized as 
pale 3 ellow prisms ^^^len heated, the compound started to decompose 
at 220° 


C,|H,.0„N,S (S7G -1) Calculated, S 5 56, found, S 5 19 

S,4-Bts(bcnzamtdo)tctrahydrolhiophene (Isomer B) — The diamino com- 
pound could also be isolated from the reaction mixture after treatment with 
benzojd chloride and alkali as the dibenzoyl derivative The compound 
crystallized from alcohol as colorless prisms, m p 238-239° 


CuH„0,NS Calculated C 66 23, H 5 56, N 8 58, S 9 82 
(326 4) Found " 66 29, “ 5 59, “ 8 41, “ 9 60 

The experimental \ alues for the molecular weight (East camphor 
method) were 338 and 332 

3 ,4-Bis(acetamido)tclrahydrotInophene (Isomer B) — 300 mg of 3,4-di- 
ammotetrahydrothiophene dipicrate were suspended m 10 cc of 15 per 
cent HCl After extraction with benzene imtil free of picnc acid, the 
aqueous solution was evaporated to drjaiess under reduced pressure The 
sirupy residue was dissolved m 2 cc of w'ater and was treated with excess 
acetic anhydnde and 10 per cent A’’aOH m the usual fashion The reaction 
mixture was made acid to htmus by addition of 10 per cent HCl 
mrxture was dned m the frozen state under dimmished pressure, and t e 
residue was exti acted with chloroform Evaporation of the chloro onn 
solution yielded a glass which was sublimed at 150 and 1 mm pressure 
The sublimate crystaUized from acetone as long white prisms me ting a 
135-141° After they w ere dned at 100° under 1 mm pressure, the meltmg 
point was 173-175° 

CaH„0 N s (202 3) Calculated N 13 85, S 15 82, found, K 13 89, S 15 41 
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Isolation of Tetrahromothiophme after Decomposition of Diaminoteirdhydro- 
thiophene 40 mg of the dipicrate of 3 ,4-diairunotetrahydrothiophene 
(Isomer B) w ere converted to the dihydrochlonde as described above, and 
the oily residue left after evaporation of the water and excess HCl was 
treated with 1 drop of 85 per cent HjPOj The mixture nas gradually 
heated to 400° and was mamtamed at this temperature for 15 minutes 
The evolved vapors were collected m 1 cc of ice-cold carbon tetrachlonde 
A drop of this solution gave a strong green color with isatm-HjSOi The 
mam portion of the solution was treated with 3 drops of bromine The 
flask w'as stoppered and was allowed to stand for about 20 hours The 
solution was evaporated under diminished pressure, and the residue was 
dissolved m fresh carbon tetrachlonde The solution was dned o\er 
magnesium sulfate and w as agam evaporated To the residue were added 
2 drops of bromme As the bromme evaporated, the product sohdified (7) 
After punfication by two reciystalhzations from alcohol-water about 1 4 
mg of long colorless pnsms were obtamed These were identified as tetra- 
bromothiophene by melting pomt and mixed meltmg pomt Tetrabromo- 
thiophene was hkewTse isolated when Isomer A of 3,4-diammotetrahydro- 
thiophene (1) was similarly treated 

The authors wish to express their appreciation to Dr ^Tncent du Vi- 
gneaud for valuable coimsel dunng the course of this work Thanks are 
also due Dr Juhan R Rachele and Mr Roscoe C Funk, Jr , for carrying 
out the microanalyses 


STJMMART 

Treatment of a 2,3-diammobutane-l,4-disulfunc acid (prepared by a 
senes of standard reactions) with aqueous sodium sulfide at 140° resulted 
m the formation of the cychc thio ether, 3 , 4 -diammotetrahydro thiophene 
This compoimd (Isomer B) differed from the 3 ,4-diammotetrahydrothio- 
phene (Isomer A) which W’as pre^^ously descnbed (1) 

Isomer B differed from A not only in its denvatives but also by its failure 
to yield a dibenzoqumoxahne denvativ e It was similar to Isomer A m its 
failure to yield a cychc urea under the conditions which lead to the resyn- 
thesis of biotm from 3,4-diammo-2-tetrahydrothiophene-7i-vaIenc acid 
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THE MECHANISM OF KEIOL FORMATION FROM PYRUVATE 
VND ALDEinDES 

Br nOBEHT L BEBG and W W W1 STERFELD 
{From the Dcpnrlmcnt of Btologicat Chemxstry, Ilanard Medical School, Boston) 

(Rcccncd for publication, October 14, 1943) 

It w IS prcMOUsU obscr\c(I (1) tin) llif" animnl carboxylase enz>Tne 
srstem tint contorts pjriuatc to acctoin c,in utilize acetaldehyde in this 
icaction Other aldchtdcs arc also utilized in the formation of analogous 
ketols, and the reaction between pj rut ate and propionaldehyde results in 
a 5-carbon kctol accoiding to Reaction I or II The exact location of the 
caibonjl and hj droxt 1 gioiips in the final product has an important beanng 

(I) CH, CO coon + CH, CH, CHO — CH, CO CIIOH CH CHj + COj 

(II) CH, CO COOH-bCIl, CII, CHO-*CII, CIIOH CO CH, CH,-)-CO, 

on the mechanism of the reaction, since in this compound the origin of each 
group can be established The pioduct is ob\ louslj' formed by condensa- 
tion of the 2-carbon fragment of dccarbo\ 3 ’lated pj'ruvatc w ith the 3-carbon 
propionaldehyde, and the identification of the substituents with either the 
2-carbon or the 3-carbon ]joi tion of the molecule w ill define the origm of 
each 

The identification of this compound was made by periodate oxidation 
Studies showed that i elated compounds possessing adjacent hydroxyl or 
carbonyl groups were quantitative!}' split bv periodate oxidation t e 
hydroxyl group was conxerted to an aldehyde, and the carbonyl was 
oxidized to an acid according to the general equation 

OH O 

R— C C— R' R— CHO -1- R'-COOH 

H 

Apphcation of this oxidation to the 5-carbon ketol produced in the 
enzymatic reaction between pyruvate and propionaldehyde lesu te in e 
formation of propionaldehyde and acetic acid The structure o 
onginal product therefore is given in Reaction I Since the carbony ^oup 
m the ketol w'as attached to the 2-carbon poition of the structure, i was 
derived from the decarboxylated pyruvate and was probably the car ony 
group ongmally present in the pyruvate Similarly the hydroxyl group 
earned by the 3-caibon portion of the molecule must have been denve 
from the aldehyde group of propionaldehyde 
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Identification of this structure casts senous doubt on the possibihty of 
compound formation between pyruvate and propionaldehyde pnor to the 
decarboxylation, smce the a-carbon atom m pyruvic acid would necessarily 
be involved m any such structure (as it is m the final product), and it 
already has its four valences substituted in pyruvic acid Intermediate 
compound formation could take place prior to decarbojcylation only 
through utihzation of one of the carbon bonds attached to the carbonyl 
group of P 3 TUV 1 C acid, and, if this had taken place, the hydroxyl group of 
the final product w ould have been denved from the pyruvate portion of the 
structure rather than from the aldehyde portion 

EVPERBfENTAL 

The 2,3-butylene glycol, acetoin, and diacetyl were obtamed* in a 
relatively pure condition, and w ere used without further purification The 
ketol produced in the enzymatic reaction between pyruvate and propional- 
deh j'de w as prepared as follows Fresh, tnmmed pig heart was minced twice 
m a meat gnnder and thorouglily w ashed for several hours with cold r unning 
water 375 gm of the pressed out mmce were homogenized m a Warmg 
blender with 550 cc of 0 2 m phosphate buffer, pH 7 0 16 co of 0 5 per 
cent MgSO«, 20 cc of 0 1 per cent diphosphotbamme, 25 cc of 1 0 u pyruvic 
acid neutralized with an eqmvalent amount of Na.COj, and 50 co of 1 0 u 
propionaldehyde were added, and the mixture was mcubated at 37® for 
5J hours The solution was then deproteinized with tungstic acid and the 
filtrate neutralized and distiUed Excess propionaldehyde was removed 
from the distillate by heatmg and aeratmg until no more aldehyde was 
earned over m the aeration gas and the solution gave no precipitate with 
2,4-dimtrophenylhydrazme at room temperature The solution was then 
neutrahzed to phenolphthalem with a small amount of NaOH, and agam 
distilled, the firet portion of distillate bemg discarded The final distillate 
gave the 2,4-dimtrophenylosazone denvative previously desenbed (1) 
for the 5-carbon ketol, and was essentially free of mterfermg substances as 
deternuned by the equivalent amounts of aldehyde and acid produced m 
the penodate oxidation 

Penodate Oxtdaiion—The penodate oxidation was earned out by gently 
refluxing for 2 hours a solution composed of 100 cc of 0 3 per cent KIO<, 

500 cc of wrater contauung the test substance, and 10 cc of concentrated 
H"SOi (2) The aldehyde produced m the reaction was removed by con- 
tffiuous aeration mto bisulfite, and it was estimated quantitatively by the 
usual lodometnc method for determmmg bound bisulfite (3) At the end 
of 2 hours, the reaction mixture was distilled under standard conbtioM 
until 500 cc of distillate were collected, and the volatile acid contamea 

1 Lucidol Corporation, Buffalo, New York 
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therein was titrated to phcnolphthalcin w itli standard NaOII The total 
amount of ncid produced in the reaction was obtained from a calibration 
cun 0 prepared b^’ a similar distillation of known amounts of acetic acid (4) 
The results obtained bj periodate oxidation of iicetoin, 2,3-butylene 
gljcol, diacetjl, and the 5-cnrbon ketol produced in the cnzjmatic reaction 
between pjru\atc and propionnldchydc arc summanzed in Table I The 
sphtting of these compounds is csscntnll}' qunntitati\e, the gljcol gave nse 
to 2 moles of aldchj dc, dinccta 1 ga\ e 2 moles of acid, w hilc each of the ketols 
gaae 1 mole of aldchj do and 1 mole of acid Penodate oxidation of these 
model compounds po'^sc'^ing onlj one pair of adjacent hydroxyl or carbonyl 
groups, therefore, led to a rupture of the bond between the 2 substituted 


Table I 

Penodate Oxidation of Simple Substances Possessing Hydroxyl or Carbonyl 
Substituents on Adjacent Carbon Atoms 


1 

SubsUnce tested 

Amount 

oxtdixed 

Aldch> dc 
formed 

Acid 

formed 

AIdeh>de identiBed 

Acid 

identified 


rtH 

nu 

mu 



2,3 Butjlcnc glycol 

0 522 


0 065 

Acelnidchydc 



0 522 


0 022 




0 522 


0 035 



Acetom 

0 667 

0 6t6 

0 638 


Acetic 


0 667 

0 658 

0 714 




0 667 

0 605 

0 692 



Diacetyl 

0 3S8 

0 004 

0 750 


1 (1 


0 388 

0 007 

0 749 




0 388 

0 007 

0 781 



3 Hydroxj n penta- 


0 622 

0 523 

Propionaldehyde 


none 2* 


0 353 

0 368 




* Product of enzymatic reaction between pyruvate and propionaldehyde 


carbon atoms, substituent hydroxyl groups were converted to aldehj’des, 
while carbonyl groups were converted to acids 
Idenhficahon of Aldehydes— The aldehydes formed by periodate oxidation 
w ere identified as 2 , 4-dmitrophenylhydrazone denvatives The denvatn e 
^as prepared after the bisulfite titration was completed by adding HCl 
to a concentration of 2 n and an excess of 2 , 4 -dmitrophenylhydrazine dis- 
solved m 2 N HCl The hydrazone precipitated rapidly at room tempera- 
ture, and was filtered, washed thoroughly with water, and recrystallize 
from hot 95 per cent alcohol , 

The aldehyde produced by periodate oxidation of 2 ,3-butylene glyco an 
acetom was identified as acetaldehyde The meltmg points^ of the 2,4- 

All melting points are uncorrected 
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dimtrophenylhydrazone denvatives were 161° and 160° respectively, and 
neither showed a depression w’hen the substance was mixed with the 
2,4-dinitrophenyIhydrazone of acetaldehyde (m p 162°) 

The aldehyde produced bj'' the oxidation of the ketol formed in the 
enzymatic reaction betw een pyruvate and propionaldehyde w'as identified as 
propionaldehyde The 2,4-dinitrophenylhydrazone derivative after sei- 
eral recrystallizations melted at 146°, on bemg mixed ivith the 2,4-dinitro- 
pbenylhydrazone of propionaldehy'de (m p 149°), it melted at 148° It 
Iiad the orange color of the propionaldehyde denvative, rather than the 
yellow color of the acetaldehy'de derivative A colonmetnc determmation 

(5) of the amount of acetaldehyde produced in the oxidation of this ketol 
showed that less than 0 5 per cent of the bisulfite-bmdmg material formed 
was acetaldehyde, the reaction product, therefore, contained no sigmficant 
amount of acetom or the 5-carbon isomer represented m Reaction II 

Idcniificalton of Acids — The acid portion of the split-product was identi- 
fied as the p-phenylphenac 3 ’'l ester The sodium salt formed in seieral 
titrations w as concentrated by eiraporation and treated wath p-phenyl- 
phenacyl bromide accordmg to the directions given by Drake and Bromteky 

(6) After the matenal was decolored with nont and reciystaUized se\ eral 
times from hot ethyl alcohol to constant meltmg point, the esters of the 
icids formed by penodate sphtting of acetom, dmcetyl, and the 5-carbon 
ietol formed enzymatically all melted at 110 5° There was no depression 
)f melting point when each of the esters was mixed with the p-phenyl- 
ohenacyl ester of acetic acid (m p 110 5°), all three showed a depression of 
18-20° when mixed with the p-phenylphenacyl ester of propionic acid 
(mp 102°) 


DISCUSSION 

The product fonned bj' the addition of benzaldehyde to fermentmg yeast 
was identified by Neuberg and Ohle (7) as phenylacetylcarbmol, and the 
implications of this fact with respect to the mechanism of ketol formation 
were later discussed by Dirscherl (8) The ketol produced m the reaction 
between pjoaivate and propionaldehyde in the presence of the animal 
carboxylase system is analogous to the product obtained by Neuberg and 
Ohle, since in both compounds the carbonyd group is associated wth that 
portion of the ketol structure which is derived from pyruvate This is 
incompatible with the formation of an intermediate compound between 
the aldehyde and the a-keto acid prior to decarboxylation of the latter, 
except through the postulation of a secondary reversal m the location of the 
carbonyl and hydroxyl groups m the ketol after it has been formed (9) 
The optical activity of the final products (10) makes this reversal im- 
probable 
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Kctol fornmtion from p\iu\ i(o or from i)vui\iv(o and an aldehyde does 
not nnohc the formation of molecular acetaldehyde from the p3Tuvate 
wath siihccqucnt couidmp of 2 molecules of aldehj'dc, for the following 
reasons The condensation of acctaldchjdc to acctoin (in the absence of 
p^TtI\ •'tc) IS much slower than the formation of acctoin from pyruvate alone 
(1) Such a reaction would not account foi the increased rate of decar- 
bow lation of pa nn ate in the presence of an aldehyde (1) If a-ketobut3'nc 
acid were fir«t dccarboxalated to moleculai jiiopionaldehyde, there would 
be no formation of propiomn in the reaction, since propionaldehyde alone 
IS not condensed b\ the cnr\ me (1) 

An3 mechanism for the formation of kctols from pyruvate and an alde- 
hade, therefore, must iiiaola’c the utilization of “nascent” acetaldehyde, 
since (a) dccarbo\3’Iation of the a-kclo acid apparent I3' precedes condensa- 
tion w if h the aldeha dc, and (li) the decarbova’lated product is not molecular 
acetaldeh3'd( Furthermore, the condensation actually mvolves a molecule 
of “nascent” accfaldeh3dc formed in the decarboxylation of p3Tuvate with 
a molecule of the added nldch3'dc Onl3' b3' such a postulation could the 
5-carbon ketols be formed in the reactions between pyruvate and pro- 
pionaIdeh3de and between a-kctobut3mc acid and acetaldehyde (1) In 
the formation of acctoin from p3nivic acid alone, it is possible that the 1st 
molecule of pyruvate is dccarbox3 lated w ith formation of molecular acetal- 
deli3de, and that the latter then reacts with a mole of “nascent” acetalde- 
h} de produced by the decarboN3dation of a 2nd molecule of pyruvate 

SUMMARY 

Periodate oxidation of simple compounds related to acetom and possess- 
ing adjacent hydroxyl^or carbonyl groups leads to a rupture of the bond 
between the 2 substituted carbon atoms and a conversion of the substituent 
hydroxyl groups to aldeh3'des, while the carbonyl groups are converted to 
acids 

Periodate oxidation of the 5-carbon ketol produced in the enz3Tnatic 
reaction between pyruvate and propionaldehyde resulted in the formation 
of propionaldehyde and acetic acid, thereby identif3ung the ketol as acet3l- 
ethj'lcarbmol (3-hydroxy-n-pentanone-2) 

^ociation of the carbonyl group of the ketol with the 2-carbon portion 
of the structure derived from pyruvate makes doubtful the possibility of 
mtermediate compound formation betw een the propionaldehyde an 
pyruvate pnor to decarboxylation of the latter 
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The general impression that the metabolism of glycine is unique among 
the ammo acids anses perhaps as much from the lack of specific knowledge 
of the immediate breakdown products of glycine as from the multiplicity of 
reactions m W’hich the glycme molecule participates The older evidence 
beanng on the formation from glycme of products such as NH 3 , glyoxyhc 
acid, urea, and glucose has been mdirect and controversial (cf Dakm (1) 
and Bach (2)) Recent studies with isotopes have clarified some of these 
issues Thus, Olsen, Hemingway, and Nier (3) showed the rapid for- 
mation of from C'Mabeled glycme, while Ratner, Rittenberg, Keston, 
and Schoenheimer (4) , wuth the aid of N“-labcled glycine, showed the utihza- 
tion of the ammo group for synthesis of urea and other ammo acids In 
stnkmg contrast, how ever, evpenments with tissue slices and brei have made 
practically no contnbution thus far to the problems of whether glycme is bro- 
ken down and by what pathw ays In fact, the apparent resistance of glycme 
to oxidation under the conditions of experiments with tissue slices has led 
Bach (2) to postulate that deamination of glycme follows only after prelim- 
inary condensation with some keto acid The present communication has 
some beanng on the metabolism of glycine m that it deals with the proper- 
ties of a widely distnbuted enzyme of ammal ongm which catalyzes the 
oxidation of glycme 

The enzyme which we shall refer to as glycme oxidase is a flavoprotem 
which can be resolved under acid conditions mto a protein and flavm 
adenine dmucleotide (FAD), neither of which is active alone Full 
catalytic activity can be restored at neutial or alkahne pH when the specific 
protem and an excess of the coenzyme are brought together The enzyme 
catalyzes the aerobic oxidation of both glycme and sarcosme according to 
the following equations 

(1) CHjNHiCOOH + jOj -► CHOCOOH + NH, 

(2) CHjNHCHjCOOH + iOj CHOCOOH + NHjCH, 

Glyoxyhc acid is formed by both the deammation of glycme and the 
demethylammation of sarcosme 

* Aided by grants from the Rockefeller Foundation, the Nutrition Foundation, 
Inc , the Research Corporation, and the Lederle Laboratories, Inc 

119 



120 


GLYCINE OXIOASE 


Glycine oxidase has been found m the hver or kidney of all animals tested 
1 ig kidney has proved to be a satisfactory source for routine preparation of 
the eniyme Full details of the method are given m the expenmental 
section The final preparation confams other enzjTnes in addition to 
glycine oxidase, in particular d-ammo acid oxidase and catalase Splitting 
of the enzyme takes place during the isolation procedure Hence it is 
necessary to add FAD in order to get maximum cataljdic activity 
Glycine oxidase reacts inth molecular oxygen, methylene blue, and other 
suitable hydrogen acceptors The reaction velocity mth oxjgen as ac- 
ceptor is linear for the first hours The time-activity relationship is shown 
in Fig 1 There is no difference in the rate of oxygen consumption whether 



Fio 1 Tunc activity curve of glycine oxidase of pig kidney The manometer 
cups contained 0 5 cc of u glycine, 0 I cc of 10 mg per cent flavin ademne dmuoleo- 
tidc, and 1 cc of enzyme Final volume 3 1 cc , SS”, alkoh in center well 

the gas space in the manometer contains air or pure oxygen Addition of 
methylene blue does not increase the rate of oxygen consumption This 
indicates that the autoxidation of the reduced enzyme is not the limiting 
factor in the speed of the over-all reaction 
The activity of the enztnme has also been followed anaerobically in Thun- 
berg tubes with methylene blue as the indicator Under constant expen 
mental conditions, the rate of methylene blue reduction is directly proper 
tional to the concentration of gijreine enzyme Both the manometnc an 
Thunberg methods of estimating enzyme activity have been used inter- 
changeably in the present investigation 
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\.ccording to equations (1) and (2), foi each atom of o\}'gen absorbed 
1 molecule of siibstmtc is oxidized with formation of 1 molecule of glyoxyhc 
acid and 1 molecule cither of XHj or methylamme The data shown in 
Table I are in quite good agreement with the requirements of the equations 
The 2,4-dmitrophenxllndrazonc of gljoxjdic acid was isolated in good 
xaeld after contact of the enzyme sjstcra wath both glycine and sarcosine 
The nitrogenous oxidation product of sarcosine, mz methylamme, w as also 
isolated and identified in the fonn of its picrolonate 
Flnioproteins as a class produce HjOj when reactmg with molecular 
oxw gen It lollow s therefore that 1 molecule of substrate should react wath 1 
molecule of oxxgen in contrast to the 1 atom of oxygen postulated m equa- 
tions (1) and (2) Such indeed w ould be the case if H-Oj accumulated in the 
leaction Since an atom of ox^^gen is formed from HjO; by action of 

Table I 

UelaUonBhi-p Uliicccn Oxygen Uptake and Formation of Keto Acid and Volatile Base 
during Oxidation of Glycine and Sarcosine 
The manometer cups contained 1 cc of enzyme solution, 0 1 cc of flavin adenine 
dinueleotidc solution (107 y per cc ), 0 5 cc of 0 5 u dimethylglycine buffer, pH 8 3, 
0 5cc of M substrate, and 0 2 cc of6 x JlaOH in the center well The final volume 
was made up to 3 cc mth nater Wter temperature equilibration the substrate 
was tipped m from the side arm All values are corrected for enzyme blanks 


Substrate i 

Tirac 

Oxygen 

uptime 

NHi or 
CHjNHj 

Seto ectd 


mtn 

micrpTMlu 

rttcrpfMles 

microjficUs 

Glycme 


' 33 7 

33 3 

33 6 

Sarcosine 


16 6 

17 8 

16 6 


catalase which is present m excess in preparations of glycme oxidase, the 
net reaction mvolves only 1 atom of oxygen per molecule of glycme 

Enzyme Specificity — In addition to glycme oxidase, three other enzymes 
hate been isolated which deammate ammo acids oxidatively, viz, the 
d-ammo acid oxidase (5), the f-glutanuc dehydrogenase (6), and the Z-ammo 
acid oxidase (7) The identity of the glycme enzyme with the last tw o can 
be excluded, smee preparations of the glycme enzyme are readily made 
which do not attack either Z-glutamic acid or any of the Z-ammo acids 
However, our preparations of the glycme enzyme mvariably contain 
d-ammo acid oxidase That thej are two distmct enzymes is supported 
bt the following considerations (1) The glycme enzyme may be com- 
pletely spht imder conditions' which do not appreciably spht the d enzjTne 

' For details of the conditions for splitting, sec the section ''Reversible splitting " 
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and (2) the reconstitution of the split glycine enzyme does not proceed 
quantitatively under conditions which permit quantitatne reconstitution 
of the spilt d enzyme 

The gljcme cnzjnne catalyzes the oxidation of glycine and N-mono- 
methylglycine but not that of N-dimethylglycme Substitution products 
of gljcinc such as phenylglycinc, p-aminophenylglycme, creatme, and 
hippunc acid are not attacked and peptides of gljcme such as glycyl- 
71-ammobenzoj Iglj'cme, glj’cj’lglycme, and Icucylglycj Igij'cme are attacked 
immeasurably slowly if at all 

jilechantsni of Oxtdahon — The aiailable data are consistent with the 
follow mg mechanism of the oxidation of gljcme (where R is H) and sar- 
cosme (where R is CHj) 

(3) CHsNHJtCOOH + oxidized enzj me — ♦ CH == NRCOOH -b reduced enzyme 

(4) CH-=NRCOOH + H 0 — CHOCOOH + MHjR 

(6) Reduced enzj mo + Oj — * oxidized enzyme + HjOj 

Since N-monomcthjdglj cmc but not N-dimethjdglycme can be attacked, 
the primary reaction may be considered to be the dehjdrogenation of the 
ammo acid to the imino acid The hj'drolysis to the keto acid is generally 
presumed to be a spontaneous process The above mechanism is identical 
with the one suggested by Krebs (5) for the enzymic oxidation of the 
d-amino acids and by Richter for the oxidation of ammes (S) 

Handier, Bemhemi, and JUetn (9) found that broken cell suspensions of 
Iner tissue will oxidize sarcosme to form glj'^cme and formaldehyde, as 
shown in equation (G) 

(6) CH,NHCHjCOOH + JO, - NH,CH,COOH + HCHO 


Tins reaction maj' be viewed as a dehydrogenation similar to that postu- 
lated for other ammo acids, except that a hjdrogen atom from the methyl 
group would be involved rather than 1 from the «-carbon atom This 
w ould lead to the formation of the hjrpotbetical mtermediate CH"==N— 
CH; — COOH from which glycine and formaldehyde would result Thus 
the presence of the N-methyl group in sarcosme offers for the remo\^of 
2 hydrogen atoms two theoretical possibilities, both of which have been 


realized enzymically , 

Properhes of Enzyme— The glycme enzyme works optunallj only m t 
presence of comparatively large concentrations of substrate O'V 
The half speed concentration is about 0 04 Ji (c/ Fig 2) „ x 

The pH-activity curve IS shown m Fig 3 The maximum pH is a 0 

83 The rates fall OS' very sharplj to either side of the maximuni 0 

what surpnsmg is the fact that at pH 7 0 the velocity is 

Iighth of the maximum Veronal buffers inhibited the action of the 
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Fig 2 Rate of o\ygen uptake as a function of the concentration of glycine Each 
manometer cup contained 1 cc of enzyme, 0 5 cc of 0 5 ii dimethylglycine buffer, pH 
8 3, and 0 1 cc of 10 mg per cent flavin adenine dmuoleotide Final volume 3 0 
cc , 38°, alkali in center well 



Fig 3 Rate of oxygen uptake as a function of pH Each manometer cup con- 
tainedOScc of enzyme, 0 1 cc of 10 mg per cent flavin ademne dinucleotide, 0 3 cc 
of M glycine, and 2 cc of 0 5 ii buffer Final volume 3 2 cc The following sjTnbols 
indicate the nature of the buffer • xeronal, O phosphate, Q dimethylglycine, 
A d glycerophosphate, and acetate 
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enz^TOc almost completely Unfortunateh , none of the other buffere em- 
plo j ed x\ as reliable m the pH range of 7 5 to 8 5 To minimize the buffenng 
action of the phosphate ions in the stock enzj-me preparation, the punfica- 
tion «as earned one step further by acidif 3 ang to pH 4 G and tieating mth 
sodium sulfate (19 gm per 100 cc ) The precipitate containing the enzjane 
nas dissohcd m natcr and the solution neutrahzed Such an enzjuie 
preparation did not shift the pH ralues of the 0 S jr buffets uith which it 
rsas mixed in the proportions of 1 2 Tlie pH values mth all components 
present n ere measured electrometncally at the end of the raanometne runs 
The hj drogen ion concentration maj affect not onl} the rate of oxidation 
of glycme bj the enzyme but among other factors the rate or extent of 
combmation of FAD mth the specific protein In other nords, since the 
enzjTne has to be reconstituted before it can function, there is no ua} of 
decidmg from such an experiment u hether tlie h 3 'drogen ion concentration 
is affectmg the formation of the enz 3 me, the actn it 3 of the enz 3 Tne, or both 
A pH curve mth an unsplit enz 3 'me, houever, nould make it possible to 
distmguish belnecn these two effects 
Capryl alcohol (saturated aqueous solution), sodium ffuonde (0 2 u), 
zme sulfate (0 001 m), lodoacctic acid (0 001 vi), 03 amde (0 01 vi), and sulfa- 
diazine (0005 m) have no action on the enz 3 'me 001 m lodoacetic acid 
inhibits 30 per cent Copper sulfate mhibits 100, 64, and 37 per cent at 
respectiv e concentrations of 0 001 m, 0 0002 vi, and 0 0001 m 
T he gl 3 'cmc enzyme tolerates a 3 minute exposure to 55“ without any 
appreciable loss of activit 3 The same exposure to 60° leads to a loss of 


75 per cent of the ongmal actmty 

Reversible Splitting — Gl 3 xine oxidase prepared from pig kidne 3 b} the 
procedure outlined in the experimental section is macti\ e unless supple- 
mented mth FAD Other prosthetic groups hke adenv he acid, diphospho- 
P 3 ndine nucleotide, diphosphothiamme, and nboflavm cannot replace 
FAD Tlie relationship between added FAD and the rate of ovjgcD 
uptake IS shown in Fig 4 ’ From the slope of the Imear part of the curve 
it appears that 8 5 c mm of 0 x 3 gen are taken up m 10 mmiites for each 
microgram of flavan phosphate equivalent of FkD This is less than one- 
fourteenth of the value which obtains for the actn its of FAD m the recon- 
structed d-ammo acid oxidase S 3 stem (10) A discrepancs of this order 0 
magnitude left open the possibihts that some impunty m the FAD prep- 
aration w ah the active principle and not FAD Tins possibihtv , how ei er, 
was ruled out by the demonstration that the actmts per microgram 01 
TAD was identical whether the sample of FAD was prepared fiom a era 
3 east by the method of Warburg and Christian (11) or from pun e 

Wl in velocity at higher concentrations of FA.0 has been observed consis 

tnV\> Its Bignificnnce IS obscure 
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xanthine oxidase bv liberation from the protein ^\^th Mhich it was com- 
bined (12) 

The comparalne case with winch the gljcine enzyme prepared from pig 
kidncj IS split under the relatnelj mild conditions employed in the purifi- 
cation procedure and the close resemblance of Fig 4 to a dissociation curve 
might be regarded as evidence that gl 3 ''cine oxidase is a dissociating flavo- 
protein at neutral or slightly alkaline pH How ever, our experience with 
the properties of glj’cine oxidase prepared fiom sources other than pig lead 
us to the opposite conclusion, vtz , that it does not dissociate appreciably 
over the pH range of 4 to 9 This conclusion is based on the fact that 



Fig 4 Rate of oxygen uptake as a function of the concentration of flavin adenine 
dinucleotidc Each manometer cup contained 1 cc of enzyme, 0 5 cc of 0 5 m 
dimethylglycine buffer, pH 8 3, and 0 5 cc of w glycine Final volume 3 cc , 38°, 
alkali in center well 

preparations of the enzyme from lamb, human, dog, cat, and ox kidney are 
not spht at all by the identical procedure which completely sphts the 
enzyme from pig kidney While this discrepancy imght argue some umque 
properties for the pig enzyme, the available evidence is consistent with the 
assumption that the element of difference is not the oxidase but some factor 
present m crude preparations of pig kidnej’’ which breaks the hnkage be- 
tween protein and the prosthetic group possibly by irreversible destruction 
of FAD Indeed by alteration of the method of preparation we have suc- 
ceeded m. preparing glycme oxidase from pig kidney w'hich is not split at all 
Thus, whereas ammomum sulfate precipitation of the enzjme from a 
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neutral extract of the acetone ponder leads to an almost completely split 
enzyme, sodium sulfate precipitation from an acetate (pH 4 8) extract of 
the acetone pon der yields unsplit enzyme If an equihbnum dissociation 
of the flaxoprotem nere involved, precipitation in acid solution should 
have been moie efficacious in splittmg the enzyme than precipitation in 
neutral solution Since the reverse was true, we must postulate some 
destructive agent or factor which operates at neutml pH and which is sup- 
pressed at pH 4 8 Just as gb cine oxidase may be w holly dissociated when 
prepared from pig kidney but not from other kidneys, so d-amino acid 
oxidase shows the same discrepancy The comparatively mild conditions 
needed to split d-ammo acid oxidase of pig kidney (pH 4 to 7) are inadequate 
to split the same enzjmic from other sources In fact, pH 2 is still not acid 
enough to split the d enzyme of lamb kidney Furthermore, partially split 
glycine oi d-ammo acid oxidase prepared from pig kidney always becomes 
more completely split on storing Whatever the nature of this irreversible 
destruction of bound FAD, it apparently proceeds at a not mconsiderable 
rate m crude pig kidney preparations Ease of sphttmg is undoubtedly a 
^ consequence of tlus destruction of bound FAD It is of interest that 
Straub’s method (13) for the preparation of spht d-ammo acid oxidase 
from pig kidney depends not upon strong acid conditions but pmnanly upon 
allowung the enzyme to stand around at room temperature long enough for 
inactivation of bound FAD to take place Consistent with the above 
interpretation is the fact that purified unsplit preparations of both the d 


and glycine enzymes from pig kidney are not spht by the same procedures 
which leadily spht crude preparations from the same source In other 
words, when special precautions havm been taken to prevent sphttmg m the 
early stages of punfication, pig kidney preparations are mdistinguishable 
from those of other sources as far as conditions of sphttmg are concerned 
While both the glycine and d enzymes are split m crude extracts of pig 


kidney, the time factor is different in the two cases Whereas the glycme 
enzyme can be largely spht in a matter of hours, some days must elapse 
before the d enzyme m the same preparation is completely split 

It can be readily demonstrated that rates of reaction and not equihbna 
determme the form of Fig 4 and hence that the resemblance to a dissocia- 
tion curve is only apparent FAD attams its maximum catalytic activity 
in the fully conjugated enzyme If in a reconstructed system the activity 
per microgram of FAD m the presence of excess of other components is the 
same as in the unsplit conjugated enzyme, we may assume that equilibrium 
conditions obtam m the reconstructed system If, however, there is a 
considerable discrepancy, then clearly kmetws, not '^®°cmtion equihbm, 
determme the catalytic activity of vaiymig amounts of m ^e 
of excess of specific protem To evaluate the maximum catalytic actmty 
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of FAD Ri (he uncplit gh cinc cnz^Tnc, the preparation must be freed of 
other fla\ oproteins Since, ho\\e%cr, the preparations used to obtain this 
figure still contained considerable amounts of other fla\ oproteins, our 
estimates of the actn it's of FAD m the unspht enz}TOe are minimal Yet 
e\en so, the ^ahle of F.VD activity (c\prcssed as c mm of oxygen per 10 
minutes per microgmm of fla^ m phosphate equi\ alent of FAD) was about 
4 5 times as great in the enz\ me of the intact lamb kidnej’^ as in the recon- 
structed enzjme, t c , 3S c mm of oxjgen instead of 8 5 Judging by the 
relatii e actmties of gh cine oxidase and other flavoprotems present m the 
unspht lamb cnzjTnc, the difference ma 5 ' be as large as 15-fold if not more 
The conclusion is therefore obligator}' that kinetics of combination de- 
termine the form of the cun c in Fig 4 
Dislribithon of Enzyme — No sjstematic suney of the enzyme m animal 
tissues has been made, but the cnzjme already has been prepared from the 
follonang sources cat kidnej and livei , dog kidney, lamb kidney, ox kidney, 
rat h\ er, pig kidne}', human kidney, rabbit kidney and hver The highest 
concentration of the cnzj'me u as found m cat kidney Rat kidney u as the 
only kidney tested n hicli failed to jueld an actn e preparation 
Oxalic Acid Formation from Glyoxylic Acid — Since the existence of glycme 
oxidase establishes glyoxjhc acid as a normal metabolite, ve earned out 
experiments to throu some light on the metabolic fate of glyoxyhc acid 
We have found tn o sj'stems w Inch catalyze the rapid oxidation of glyoxyhc 
acid to oxahe acid (1) xanthine aldehyde oxidase of milk (14) and hver (12), 
and (2) a mutase of rabbit skeletal muscle which does not appear to be 
identical mth any enzyme yet desenbed The rate of oxidation of glyoxyhc 
acid by milk aldehyde oxidase is about as rapid as that of acetaldehyde 
which IS the most rapid substrate (c/ Table II) The relationships betw een 
oxygen consumption, disappearance of glyoxyhc acid, and formation of 
oxahe acid are given m Table III Rabbit skeletal muscle contains an 
enzyme which under anaerobic conditions oxidizes glyoxyhc acid to oxahe 
acid (c/ Table IV) From the relationship between CO 2 evolution m a 
bicarbonate medium, disappearance of glyoxyhc acid, and formation of 
oxalic acid, it would appear that a dismutation is takmg place Approxi- 
mately 1 mole of CO 2 IS liberated for each 2 moles of glyoxyhc acid disap- 
pearing and for each mole of oxahe acid formed The mutase is not m- 
hibited by lodoacetic acid and hence is not identical with glyoxalase, tnose 
dehydrogenase, or aldehyde mutase (15, 16) To establish m a more con- 
vincing way that oxalic acid is formed from glyoxyhc acid we earned out 
some experiments ivith tissue shoes of rat kidney and hver Very rapi 
formation of oxahe acid from glyoxyhc acid was observed anaerobicaUy 
m the presence of kidney shoes However, the rate of oxahe acid forma- 
tion m the presence of hver shoes was somewhat slower In both cases 
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gltcive oxidase 


boiled controls failed to produce oxalic acid There seems httle doubt 
that formation of o\ahc acid can be -iccounted for b3' oxidation of ghcme 
via gljowhc acid It is of interest that the kidnej vhich is often the 


Table II 

Oxidation of Gtyoxylic Acid by MtlL Xanthine Aldehyde Oxidase 
The experiments Bcrc earned out anaerobically in Thunberg tubes at 3S° 



Tube 1 

Tube! 

TbbeS 

tEtibc4 


cc 

ce 

CC 

it 

Ensj me 

1 0 

1 0 

1 0 


Boiled enrymo 




1 0 

0 05 St glyoxylic acid 

! 


1 0 

1 0 

0 1 M acetaldehyde 


1 0 



0 1% methjlcnc blue 

0 1 

0 1 

0 I 

' 0 I 

Water 

1 0 





ntn 

mm 

mtii 

mtn 

Deoolonration time 

OQ 

3 0 

3 25 

ec 


Table III 

Rclaltonshtp between Oxygen Uptake, Disappearance of Glyoxytie Acid, and Formation 
of Oxalic Acid by Aldehyde Oxidase of Milk 


The three mixtures ncro aerated for 4J hours at 38“ and the experiment termi 
Dated bj addition of tncbloroacctic acid Oxj gen uptake vras measured manometn 
cally in an aliquot 



C«p 1 

Cop 2 

Cup 3 


cc 

ec 

ec 

Milk oxidase 

Boiled milk oxidase 

20 

20 

20 

0 05 SI gljoxjlic acid 

10 

10 

10 

Red cell suspension* 

Boiled red cell suspension 

1 ^ ° 

1 

1 0 

10 

tyater 

mcfcmelct 


nicTomcUs 

Ox) gen absorbed 

423 

42 

14 

Gljoxjhc acid utilised 

414 

19 

10 

Oxalic acid formed 

350 

7 


• The red cells provide a convenient and potent source of catalase for protection 
of the oxidase from H-Oj 


<=ite of oxahe acid stones should be nch both m the enzyme tvkch fonns 
gljoxyhc acid by oxidation of glycme and m the enzyme which forms 
oxalic acid by oxidation of gljoxyhc acid 
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EVrFRIMENTAE 

Prcparatton of Ghjcinc Enzyme — Fresh pig kidneys are divested of fat 
and minced Mi(h J lolumc of wafer in a AVaring blendor to a fine paste 
and poured into 5 lolumes of acetone cooled to —10° with drj’’ ice The 
mLxture is mpidh filtered with suction on large Buchner funnels The 
cake of tissue is washed scicral times with small portions of cold acetone, 
and IS then remoi cd from the filter paper and broken up finely until dry 
Connectne tissue fibers are separated from the powder and discarded 
The pow der is resuspended in 5 ^ olumes of acetone After 10 mmutes the 
mixture is again filtered wuth suction The fat-free cake is broken up 
finelj until dr> 


Table IV 

Oztdation of Glyoxyhc Acid by Mutasc of Rabbit Skeletal Muscle 


The experiments were carried out for S hours at 38“ wath a gas mixture of 95 per 
cent Nj and 5 per cent COj bubbling through the solutions Formation of carbon 
dioxide was measured manomctricall} in an aliquot 



Cup 1 

Cup 2 

Cup 3 


(C 

u 

cc 

Alusole enzyme 

20 



Boiled muscle enzj mo 



20 

M sodium bicarbonate 

2 5 

2 5 

2 5 

0 05 M glyoxyhc acid 

20 

20 

20 

Water 


20 



mteromoles 

mycromoUs 

mtcromolet 

COj evolved i 

395 

11 

6 

Gljoxyhe acid utilized 


63 


Oxalic acid formed j 

462 j 

64 

6 


250 gm of acetone pow der are mixed thoroughly wuth 2 5 liters of w ater 
After 30 mmutes, the mixture is filtered and the precipitate is washed with 
small portions of water Ammonium sulfate (30 gm per 100 cc ) is added 
to the filtrate (about 2 5 liters) The precipitate is filtered off and redis- 
sohed m 800 cc of water Monopotassium acid phosphate (24 gm per 
100 cc ) IS added, the precipitate being centrifuged off and resuspended 
in 300 cc of water Sodium carbonate (10 per cent) is added drop wise 
until the mixture is brought to about pH 8 2 The insoluble material is 
centrifuged off and discarded The precipitation procedure with mono- 
potassium acid phosphate is repeated The final enzyme solution (about 
150 cc ) IS pale greenish yellow in appearance but water-clear 
While the enzyme can be prepared from other sources, pig kidne 3 s 
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been found to be the most satisfactoiy source The fresh pig kidneys 
may be stored indefinitely nhen kept frozen on drjr ice There are three 
important precautions to be obseiT'ed in the preparation (1) the mince 
prepared m the Warmg blendor must be very fine but should not be 
allowed to narm up above 30“, (2) the first acetone precipitation must 
be earned out below 0“ and the cake must not exceed that temperature 
imtil diy, (3) the acetone powder must be completely fat-free if the salt 
precipitations are to go smoothly 

The enzyme preparation retams activity for 7 to 10 dajs ivhen kept at 
0-5° Dialysis agamst distilled n ater rapidly leads to great loss of activity, 
eg, 80 per cent loss after 12 hours Dialysis against 0 05 si phosphate 
buffer (pH 7 4) is attended with a sloner loss of activit} , eg , 40 per cent 
loss after 12 hours 

Preparation of Other Enzymes — ^For studying the enzymic oxidation of 
glyoxyhc acid the xanthine oxidase of milk was prepared by the method 
of Corran cl at (12) and the mutase of rabbit skeletal muscle bj the method 
of Green ct at (17) 

Methods of Esiimaiton — The values for volatile base and keto acids 
given in Table I nere estimated in a tnchloroacetic acid filtrate of the 
enz 3 Tne mixture obtamed at the end of the manometnc runs Both 
methylamme and NHj were determined by the micro-Kjeldahl procedure 
and gljoxylic acid by a micro adaptation of the bisulfite-bmding method 
of Chft and Cook (18) According to Long (19) 1 cc of 0 1 n lodme is 
the equivalent of 0 625 cc of 0 1 m glyoxyhc acid This equivalence 
has been assumed m calculating the results Though the enzyme blanks 
gave insignificant values for oxj'gen uptake and keto acid formation, 
detectable amounts of NHj were present This v^aned with the degree of 
alkalmity and undoubtedly arises from hydrolysis of amide groups in 
the protein After 130 minutes at pH 8 3 and 8 8 volatile base amounting 
to 5 3 and 8 9 micromoles, respectivelj', uas obtained The values m 
Table I, observed at pH 8 3, are corrected by the appropriate amount 
In following the enzymic ovdation of glyoxyhc acid to oxahe acid, the 
former was estimated as described abov^e Oxahe acid was estimated after 
an ahquot of the tnchloroacetic acid filtrate was neutralized mth dilute 
HHj Excess CaCb was added and after the mixture had stood at 0° 
overnight calcium oxalate was separated and washed by centrifugation 
Oxalate was then determmed m the usual manner by titration with potas- 


lum permanganate 

holation of Glyoxyhc Acid 2 , 4 -Dmtrophenylhydrazonc-The same 
procedure was followed for the isolation of gljoxylic acid from both giyome 
!nd sarcosine runs A large scale enzyme mixture w as set up, 

80 cc of enzjTne, 16 cc of m substrate, and 4 cc of 20 mg per cen 
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dmuclcotidc Tlic final pH i\ns adjusted to 7 8 The mivture ivas 
aerated for 4 to S hours at 38° and the progress of the ovidation iias fol- 
lowed manometncallj in a pilot run At the end of the experiment, 0 5 
volume of 6 N HCl was added, and the clear filtrate was maxed mth the 
theoretical amount of 2,4-dmitrophcnjdhydrazine dissolved m 2 n HCl 
Tlie crude hadrazonc (65 per cent jneld) was recrystalhzed from aqueous 
alcohol, m p 187-188° for the sample from the experiment with glycme 
and 192° for the sample from that with sarcosine This denvative ap- 
parentl} exists in two isomeric forms, one melting at 202° (20) and the 
other at 190° (21) Tlie meltmg points obtained m our samples undoubt- 
edlj represent mixtures of the two isomeric forms but both samples were 
pure, as indicated by the analytical data Mixed meltmg pomts were 
therefore not feasible 


•Inafysis — CtH,OiNi Calculated 

Found from gl>cine 
“ “ sarcosine 


C 37 8, H 2 38, N 22 1 
' 38 0, •' 2 28, " 21 9 
38 0, “ 2 44 


Isolatioji of Mclhylamine Picrolonate — In a large scale run such as was 
desenbed above sarcosme w as aerated for 8 hours at 38° Care was taken 
to have the enzjTne completely free of traces of NHj A manometnc 
pilot run showed that the oxygen uptake of the mixture corresponded 
to the formation of 120 mg of methylamme Estimation of methylamme 
in an aliquot disclosed 110 mg The mixture was deprotemized by addi- 
tion of 0 5 volume of 6 n HjSO^ The protem-free filtrate was found to 
contam no NHj as endenced by a negative Nessler’s reaction ’ The 
filtmte was then made alkaline wnth 40 per cent sodium hydroxide and 
steam-distiUed m a Kjeldahl apparatus for 20 mmutes, the tip of the 
condensei dippmg mto 20 cc of alcohol contammg an equivalent of picro- 
lomc acid (936 mg ) The picrolonate solution was concentrated to a 
small bulk and allowed to crystalhze The yield of crude picrolonate was 
650 mg After three recrystalhzations from aqueous alcohol, the meltmg 
pomt of the picrolonate was 241 5° It showed no depression on admixture 
with an authentic sample which also melted at 241 5° 


Analysis — CuHnOsNi Calculated C 44 7, H 4 44 

Found “ 44 6, “ 4 48 

“ « 44 6, " 4 37 


Chemical Preparations — The compounds referred to m the above sectmns 
were prepared by the following methods dunethylglycme by the me o 


’ Though the enzyme preparation had been rendered NHi-free 
cipitation with KH,PO<, small amounts of NH, formed by hydrolysis of amide gr p 
in protein were fractionally distilled away during the 8 hour incubation pen 
38° and pH 8 3 
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of Michaelis and Schubert (22), coenzjune I by the method of Wihjamson 
and Green (23), muscle adenylic acid by the method of Lmdner (24), and 
FAD by the method of Warburg and Christian (11) We are grateful 
to i^Ierck and Company, Inc , for a supply of riboflavm and diphospho- 
thiamine The samples of glycylglycme and leucylglycylglycme uere 
gifts from Dr N W Pine An aqueous solution of glyo\yhc acid uas 
prepared from o\alic acid by reduction ^vlth magnesium powder by the 
method of Benedict (25) It uas then evtracted ivith ether and punfied 
through the calcium salt by the method of Debus (26) The preparation 
used was an equimolar mixture of gb'colic and gIyo\yhc acids 

SUJaiARl 

Glycine oxidase is a flavoprotein which catalyzes the oxidation of glycine 
to glyoxylic acid and NHj, and the oxidation of sarcosme to glyoxyhc acid 
and methylamine Under appropnate conditions, the protem can be 
separated reversibly from the flavm component, mz Havui adenine dmucleo- 
tide Over the pH range of 4 to 9 glycme oxndase appears not to dissociate 
' to any sigmficant extent The enzyme has been found m hver or kidney 
of all animals tested Systems which catalyze the exudation of glyoxyhc 
acid to oxalic acid have been studied 
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STUDIES OF THE METABOLISM OF MANNOSE 

THE INFLUENCE OF MANNOSE ADMINISTRATION ON BLOOD SUGAR, 
BLOOD LACTIC ACID, AND LIVER GLYCOGEN IN 
THE ADULT RABBIT 

Bi WILLIAM H BAILEY, 3 bd,« and JOSEPH H ROB 

(From Ihc Dcparlmcnl of Biochcmialry, School of Medicine, George Washington 
University, IFosAinsfon) 
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Mannose, glucose, and fructose are closely related and have long been 
known to be interconvertible in vitro (1) The metabolism of glucose 
and fructose m the mammal has been extensively studied, whereas mannose 
has been the subject of relatix el}^ few , partial studies tn mvo The finding 
of mannose in certain compounds of special physiological import, such as 
egg white protems (2), skm collagen (3), human, antenor pituitary gonado- 
tropic hormone (4), and phosphatides of tubercle bacilh (5), adds mterest 
to metabohe studies of this sugar Mannose has been shown to be readily 
fermentable by yeast (6-11) and readily glycolyzed by various tissues and 
tissue extracts in vitro (12-18) There are mdications m the hterature 
which pomt to the direct utdization of mannose by the mammal The 
results of Mann and coworkers (19) and others (20,21) on the prevention of 
h 3 Tpoglycemio shock after hepatectomy are m hne with this Certam work- 
ers have shown that mannose is a direct physiological antagonist to insulm 
( 22 ) 

Slow absorption of mannose has made tolerance studies difficult m t e 
rat and m man, m addition doses of 50 gm produce diarrhea in man (23) 
Harding el al abandoned their work on man on this account (23) In two 
experiments conducted on the human subject by the present wntera (un- 
published) confirmation of the diarrheal effect of mannose was lo^n 
For these reasons the rabbit was used as an experimental animal m t e 
present work The absorption of mannose by the rat has been recen y 
studied by Deuel et al (24), the only available study on the rabbit is that 
by H4don m 1900 (25) A remvestigation of the absorption of mannose 
m the rabbit by the techmque of Con (26) should be earned out 

Hardmg and coworkers m 1933 conducted studies on mamose to erance 
m man, but found no mannemia and no hyperglycemia (23) cue e a 


* The data reported in this paper are taken from a dissertatiM ^ 

William H Bailey, 3rd, to the Graduate Council, George Was^vston Umvereitj 
April, 1943, in partial fulfilment of the requirements for the degree of D 
Philosophy 
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rats b»t r/nn! ? ^ w ^ ^ glycogcnic abilitj of mannose in 

Ztr! ,tn 1 f Wood sugar data In view of the mcompleteness of 
data upon iwmctabohsm of mannose it was considered of interest to Mow 
raannose tolerance and glycogcnesis along vith the determmation of some 
intermediate blood metabolite In the present paper three hnes of m- 
%estip(,on arc reported, namely, the effects of mannose administration on 
blood sugar, blood lactate, and liver glj cogen This ivorlv nas done on 
rabbits in an attempt to discoxer how mannose is utilized 

EAPEniMENTAL 
Methods and Reagents 

illaiinose used in the cxiicnmcnts reported in this paper was prepared by 
e authors After a number of studies the method adopted wms as follows 
ire a-mcthjlmannoside was prepared from legetable ivot;> meal' ac- 
cording to the method of Hudson (27) Two reerj stallizations were found 
ncccssao to gi\c a pure product ns judged by specific rotation, [a]“ = 
SO 8° 500 gm of this mannosidc were then hvdrolj zed bj reflu\mg m 10 
liters of 20 per cent formic acid for 50 liours The orange hjdrolysate was 
then concentrated to 2 liters, decolorized wnth about 20 gm of acid-washed 
nont, and concentrated at 10 mm of Hg and 40® to a tbek, colorless syrup 
The sjump was taken up in 500 to 600 cc of glacial acetic acid and crystal- 
lized ns in the method of Hudson and Jackson (28) About 200 gw , diy' 
weight (43 per cent ynold), of pure d-mannose were obtained, [or]” = 14 8° 
Tlio low jncld (due to incomplete cnstallization of the syrup) was of minor 
importance, since a product was obtained which was prepared inthout the 
introduction of toxic substances such ns lieax’j' metals, and which was pure 
without rccrj'stalhzation About 800 gm of manno=e were prepared ui the 

alxixc manner 

Blood sugar was determined by' the Benedict 1931 method (29), modified 
slightly for adaptation to the Evelyn colonmetei , i c , unkmowms and 
■dandards were adjusted to contain 0 1 to 0 2 mg of sugar, and a blank of 
all reagents w ns run wnth each ex-penment The glucose used for analytics 
standards was c p anhydrous grade Glucose for metabolism studies was 
L^p granular Fructose was determmed by the method of Roe (d 1 
VAimations of urinary sugar m the carbohydrate balance studies were 
earned out b\ the Benedict quantitative method (31) 

Biflercntial glucose and mannose determinations were came , 
vnb^of Harding, Abcliolson, and Armstrong (23) f 

telutald (32), » Blmm of 

A . lextedlactona was used, and the concentration of reducing substa 
A) tmted by the Art m Buttons Company, Rochester, Neie York 
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was measured by the Benedict method, as desenbed above It was found 
necessarj' to plan animal expenments after the organisms were cultured to 
a fat orable state of activity as determined by glucose “removal” tests 

Lactic acid was determmed on tungstomolybdate (Benedict) blood fil- 
trates bj the method of Fnedemann, Cotomo, and Shaffer as given by 
Peters and ^''an Slj'kc (33), witli the apparatus of West (34) Pure zme 
dl-hctate was prepared and used as a primary standard for recoveiy tests 
run with each group of blood lactate estimations Liver glycogen was 
determmed by the method of Good, luamer, and Somogjn (35) 

etabohsni Studies 

The first problem mvestigated was the effect of mannose mgestion on 
blood sugar This question was studied b 3 ' expenments on carbohydrate 
balance m which the concentrations of blood glucose and blood mannose 
were follow ed over penods of 4 to 10 hours after mannose administration, 
and in which total unnary excretion was measured for penods of 24 to 36 
hours after the start of each experiment Eight expenments were earned 
out on five different ammals, m five of these expenments differential glucose 
and mannose detemunations were run on each blood sample 

The procedure used m each case is outlmed m the folloivmg Ammals 
were fasted 36 to 48 hours and placed m metabolism cages Control blood 
samples were taken and mannose was given by stomach tube ivithin 10 
nimutes m dosages of 2 to 5 gm per kilo of body weight m 10 per cent 
solution m water Blood samples were subsequentlj taken at 30 or 60 
mmute mtervals for the duration of the experiment All samples were 
obtamed by bleedmg from the margmal ear vem into oxalated bottles, and 
were placed m the refngerator at once In most cases the protem-free 
filtrates Were made the following day Animals were kept m the metabo- 
lism cages, and after the last blood sample water was allowed dunng the 
subsequent penod of unne collection For the differential sugar determina- 
tions 5 cc ahquots of the j. 10 tungstomolybdate filtrates were incubated 
■with Proteus as m the method of Nicholson and Archibald (32) and 5 cc 
ahquots of each blood sample W'ere treated identically except for the addi- 
tion of the bacteria The reduemg substance m these filtrates was then 
determmed by the Benedict method, on 2 cc of the bactenally treated and 
1 cc of the untreated filtrate (plus 1 cc of water) in Folm-Wu sugar tubes 
The observed total sugar is the concentration of reduemg substance found 
for the untreated filtrate read against a glucose standard The residual 
reduemg substance after incubation with Proteus read against a mannose 
standard is the value for mannose plus saccharoid The saccharoid i alue 
(determmed for each experiment) is the concentration, of residual reduemg 
substance found for the fastmg blood sample after treatment -with Proteus 
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Obscn ccl (o(al sugar values are corrected by adding a fraction of the man- 
nose concentration m the same sample The correction is determmed by 
multipbnng 1 he mannose value b> the per cent difference m reducing power 
bolvoen ghico-^; and mannose, as in the calculations of Eoe and Schnartz- 
mnn (30) Such a correction is valid, since the mannose fraction of the 
total blood sugar vas underestimated bj a similar percentage by being read 
against a gltico=e standard In each evpenment the actual difference be- 
tucen the reducing \alues of the glucose and mannose standards is the 
factor u^ed in c ilciilating the corrected total sugar Such a procedure is 
considered more reliable than using average reduction equivalents, since in 
this method cacli c\pcnment acts as its omi control The corrected total 


Table I 


Ulood Glucose ond Blood Mannose after Mannose Ingestion 
Animal 5, male rabbit, 2 14 kilos, fasted 4S hours Dose, 4 gm of mannose per 
1 ilo, in 100 cc of n,0 




Blood Nmlues mg 

per 100 cc whole blood 


Tune 

0? 

Obiened 

totil 

(2} 

After 
/ fotm 

iJ) 

Cotttctira 
(.) X012 
'« 

Corrected 
toul lupr 
(S) 

Blood 

glocose 

(6) 

Blood 

nunnoso 

m 

0 

S5 



n 

■1 

n 

CO 

m 






120 

13S 




105 

21 

ISO 

124 




97 

15 

255 

120 



BtH 

lOG 

7 


• Copper reduction lalucs glucose 100, mannose SS 
t Saccliaroid a nine for this experiment 


sug-ir \nhie minus the “mannose plus saccharoid” xalue represents blood 

^ Tlic results of one of the experiments are shoum m Table T Coluim 4 
lUustmtCb the method of calculating the correction explained above Ihe 
saccharoid determination serxTS also as a check upon the actnit} o 
mu roorgamsms The at erage saccharoid t ahie found in samples of fastog 
blood from seten different animals uas 10 mg per 

o\cr periods of at 'cast 3 hours 
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Inspection of Table I show s that the administration of mannose by mouth 
leads to a prolonged hypersaccharemia (Column 5), an elevation of blood 
glucose (Column 6), and the appearance of mannose (Column 7) m the 
penpheral venous blood of an mtact rabbit Four other experiments m 
this senes showed similar results except m the degree of metabohc trans- 
formation of mannose The experiment of Table I show'ed the greatest 
increases m blood glucose, but the other four ex-penments gave sigmficant 
changes m the same direction In one of these experiments m which the 
samphngs were continued for 10 5 hours the hyperglycemia and mannemia 
still persisted 

The total sugar excretion over periods of 24 to 36 hours after mannose 
adimnistration in doses of 2 to 4 gm per kilo by the oral and mtrapentoneal 
routes averaged 4 per cent of the dose admmistered (range, 0 to 8 percent) 
m eleven animals tested Differential sugar detenmnations were not done 
on these unnes because of the small amounts of reducmg substance found 

The specific fructose method of Roe (30) was apphed to blood samples 
m one of the expierrments on mannose tolerance It was found that no 
measurable fructose was present m any blood sample dunng the 4 hour 
penod of the test Blood samples from four other animals receivmg doses 
of mannose of 3 to 5 gm per kilo of body weight also showed blood fructose 
values of zero 

The second phase of this mvestigation was a study of the effect of man- 
nose administration on blood lactic acid Carpenter et al (37) found that 
glucose, galactose, and fructose give nse to mcreased lactate m the blood 
under basal conditions Rynbergen and coworkers (38) suggested that 
lactic acid might be an mtermediary m the transformation of fructose to 
glucose Therefore, it was considered advisable to study the effect of man- 
nose administration on blood lactate m the restmg rabbit Five expen- 
ments on the effect of mannose on blood lactate were carried out, along with 
tw o positive controls on the effect of glucose, and one negative control on 
the effect of mannoheptose Total blood sugar and blood lactic acid were 
determmed on all samples 

The experimental procedure was as follows Rabbits weighmg about 3 
kilos each were fasted for 24 hours The animals were mamtamed m a state 
of mild sedation by means of small doses of vetermary nembutal solution 
given intrapentoneally every hour or so, dependmg on the condition of 
the animal For the duration of the experiment the animal was in a re- 
laxed, rechmng position, the respiration was regular, the pupil responded 
to bright light, and pam reflexes were never absent It was felt that such 
a state was the closest approach to a basal condition that could be ob- 
tamed 2 or 3 hours of control penod were allow'ed before the sugar was 
given to permit the animal to come to a steady state as far as blood sugar 
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Sugar excretion, Mhen mannose nras given by mouth, averaged 4 6 per cent 
of the dose administered, and 12 2 per cent when mannose was given sub- 
cutaneously The glucose tests sen'e as positive controls on each of the 


Table II 

Inver Glycogen Formation in Adult Rabbits after Afannose and Glucose Administration 

by Various Routes 

The sugars v, ere given in 20 per cent solution in water, dosages are expressed in 
gm per kilo of body weight The animals are numbered senallj 


Sugur 



Liver gl>cogen percent 


rontrol After After After A\crage 

6 hrs 10 hrs 12 bra Qjn#— j After increase 

sugar 




Sugars gi'vcn intrapentoneally 


Mannose 

15 

3 

2 29 

2 43* 


16 

5 

4 11 3 20 

Glucose 

17 

6 

4 IS 4 15 

3 38 


* Based upon the average control value for ten rabbits (0 77) 


mannose experiments as shown m Table II Control values for hier 
gl> cogen dunng fastmg averaged 0 77 per cent m ten animals Negative 
controls on the effects of length of fast, anesthetic, and operation on hver 
glycogen earned out by Cohn and Koe (39) m this laboratoiy^ showed 
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that at the 12 hour period (olal liver glycogen values by this technique 
must be greater than 1 08 per cent to be significant (average of nine ex- 
periments) Translating this figure into terms of glycogen increase due to 
sugar administration gives a \alue of 0 31 per cent (1 08 — 0 77) which 
would be the mimtnum that could be accepted as significant m these 
experiments Tlie last column of Table II, labeled “Average mcrease,” 
represents glj cogen deposited owing to the influence of the sugar adminis- 
tered, and IS found by subtracting the value for fasting hver glycogen from 
the total x'alue found 6, 10, or 12 hours after sugar administration Alt 
values reported for gh cogen percentages after sugar admmistration are 
aierages for samples from two lobes of the hver 

Inspection of Table II show s that mannose given orally at 3 gm per kilo 
produced an amount of extra gljnogen that is very little greater than the 
minimum significant xnlue (0 31) under these experimental conditions, but 
that when the dosage was raised to 4 or 5 gm per kdo an average of 1 2 
per cent of glycogen w as deposited durmg 10 hours When mannose wns 
given subcutaneously at 3 gm per kilo it is seen that the glycogen deposited 
after periods of 6 or 12 hours amounted to 2 33 per cent on the average 
The latter figure was higher thah that for glucose run under the same 
conditions In the last section of Table II it will be seen that the figure 
for glycogen deposited after mannose admmistration by the mtrapentoneal 
route compared favorably wnth that for the glucose experiment Table II 
shows m general that in the ammals tested mannose raised hver glycogen 
shghtly when given orally, and, when administered parenterall 3 % this sugar 
w as glycogenic to approximatelj' the same degree as glucose 

DISCUSSION 

Studies on carbohydrate balance show ed that mannose is utihzed to a 
high degree by rabbits, smce an ax'erage of 96 per cent of x arymg dosages 
of the sugar was retained by these animals after admmistration bj’" the oral 
or mtrapentoneal route The present studies hax'e shown that mannose 
w as absorbed from the gut and appeared m peripheral venous blood of the 
rabbit after mannose mgestion In addition mannose administration pro- 
duced an elevation of blood glucose Increases in blood glucose could be 
mterpreted as being due to conversion of mannose to glucose or to stimula- 
tion of a glucose-pioducmg mechanism Stimulation of the formation o 
blood glucose by a saccharemia of a non-utihzable sugar is unlikelj e 
data of Roe and Hudson (40) in which a hypersaccharemia was produced 
by mannoheptose admmistration showed no significant increase m er 
mentable reducing substance in the same bloods Therefore, it is cone u e 
that the data of the present studies can be mterpreted as showing conxer 
Sion of mannose to glucose 
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Some insight mto a possible mechanism for the metabohc transformation 
of mannose to glucose is gained from the studies on lactic acid and glyco- 
genesis Smce, by the use of a specific method, no fructose iias found m 
any blood sample from animals tested dunng the couree of hj-peigljcemia 
foUoa-mg mannose admimstration, direct conversion of mannose to glucose 
b 3 ’' epimenzation and attendant Lobiy de Bru}!! equihbnum appears to be 
excluded Rynbergen and covorkers (38) suggested that lactic acid may 
be an mtermediate m the transformation of fructose to glucose Con (41) 
stated that lactate surpasses eien fructose m the formation of hi er glj co- 
gen The veil knovm lactic acid cj'cle establishes an important link be- 
tween the carbohjdrate metabolism of muscle and hier Muscle (and 
other cellular) gb colj-sis produces lactate which forms hier glycogen, when 
hver glj eogen is hj droll zed, glucose results A plethora of a sugar such 
as mannose could thus reappear m the blood ns glucose after gljcobsis m 
blood and tissues and subsequent glj cogenesis and gljcogenolj’sis m the 
Ji\er Such a scheme would fit the case of mannose, smce blood lactate, 
Ivor glj'Cogen, and blood glucose were found to increase after mannose 
ndmimstration 


SUMMAHT 

1 Studies of the metabolism of mannose m the rabbit hai e been ear- 
ned out 

2 Experiments on carbohj'drate balance showed an ai eroge retention of 
96 per cent of doses of mannose of 2 to 5 gm per bio when this sugar was 
administered oralli’- or mtrapentoneally These results mdicate a high 
degree of utibzation of mannose bj*- the rabbit 

3 Mannose appeared in the penpheral venous blood and produced an 
elevation of blood glucose m all animals tested after mannose ingestion 
No fructose was found m anj' blood sample from animals tested dunng the 
course of hjiieiglycenua following mannose admmistration 

4 Mannose administration led to an mcrease m blood lactic acid 
Eleiations m blood lactate produced bj mannose were sunilar to those 
after glucose administration in that thej paralleled mcreases m total blood 
sugar These results were in contrast to those of a control experiment 
with mannoheptose m which blood lactate remamed constant at the basal 
Ie\el e%en when a saccharemia of 200 mg per cent was reached 

5 Amoimts of h\ er glj cogen found at 6, 10, and 12 hours after mannose 
administration were approximatelj of the same order as those found after 
glucose admimstration at the same dosage level when these sugars were 
gixcn pirenterally to animals prenously fasted 24 hows 

6 The combmed results of the experiments earned out mdicate that 
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mannose is fnirlj slowlj absorbed from tlic gut, nell utilized, and con- 
vertible to glucose m the intact rabbit A possible mechanism for the 
metabolic conversion of mannose to glucose by way of lactic acid and liver 
glycogen is suggested 
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A senes of reports from this laboratory (2-5) and an independent and 
simultaneous senes of mv estigations m Bntisli laboratones (6-8) have 
estabhshed that the rhesus monkey {Macaca mvMta) icqmres a water- 
soluble substance (or substances) to prevent leucopenn, anemia, diarrhea, 
lesions of the mouth and colon, and eventual death This factor, for 
which the term vitamm M was suggested, was showai to be distinct fiom 
thiamine, nbofiavm, and mcotimc acid (3, 4) These observations have 
been amply confirmed by other workers (9-16) Wilson rt (12) demon- 
strated that additional supplementation with calcium pantothenate, pvm- 
doxme hj'drochloride, chohne chlonde, pimehc acid, glutamine, inositol, 
and sodium p-ammobenzoate failed to prevent the nutritional cytopenia 
Those workers also observed that the mtramuscular injection of a “folic 
acid” concentrate restored normal white cell equilibrium “Folic acid” 
concentrates have likemse proved effective in counteracting inhibition of 
growth m rats caused bj' feedmg succmylsulfathiazole (17) Totter and 
Day (18) reported that synthetic xanthopterin will partially, but not fully, 
counteract the succmj'lsuHathiazole effect and suggested that “fohe acid” 
concentrates might contam \anthopterm The presence of the ptenn in 
some such concentrates has been confirmed by Mitchell (19) 

In a prehnunary pubhcation (1) we mdicated that \anthoptenn has 
proved at least partially effective in restoring hemocytopoietic function m 
the vitamm M-deficient monkey, especially when the experimental animal 
ako received a crude source of other factors 

In this commumcation we wash to present our observations on the role 
of xanthopterin m the nutrition of Macaca mulatla ind at the same time 
to present analytical data mdicatmg a dissimilarity m distribution of vita- 
mm M and folic acid We have also been able to confirm the observa- 

* Research paper No 542, Journal Senes, University of Vrkansas Aided 
grants from the National Research Council, Committee on Meat Board Grants The 
authors are indebted to Merck and Company, Inc , for supplies of p 3 rido\inc hjdro 
chlonde and calcium pantothenate, to Eli Lilly and Company for liver extract and 
thiamine chlonde, and to the Winthrop Chemical Company , Inc , for nboflavin 
Some of the results here reported have been given in abstract form (1) 
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tions of Wilson cl al that pantothenic acid, chohne, p-aminobenzoic acid, 
pjTidoxine, and inositol fad to prevent nutritional cjdopenia when they are 
added to the vitamin M-deficient diet of monke37s 

Methods 

Young, immature rhesus monkeys weighmg approiamatelj 2 kdos were 
used for the experiments The method of care, handling, and selection 
has been desenbed elseuhcrc (4) Blood for study was drawn from the 
animals at weekly inten'als or oftener if it was deemed desirable, smee we 
have found the blood picture to be the only reliable criterion of this defi- 
ciency Hematological exammations were made by the same methods as 
were used b 3 Shukers cl al (20) Weight records were also kept, but the} 
are not reported here, ns they do not greatl} aid m the mterpretation of 
results 

The basal ration (Diet GOO) is similar to that used previousl} and had 
followang composition (air-diy weight) \Ttamm-free casern* 10 gm , 
olished uncoated ncc 50 gm , ground whole wheat 15 gm , salt nuxture 
(21) 3 gm , sodium clilonde 2 gm , and cod h\ er ml 3 gm The amount 
mdicated above (83 gm ) was given daily to each animal after bemg mixed 
WTth water and cooked for 2 hours The method of preparation of the 
diet has been detailed in an earlier pubhcation (4) 

Ihtamm supplements to the above diet were given separately m the 
form of tablets, which the monke}'5 consumed avidly, or as ahquots of a 
solution mixed with the diet just before feedmg Except as noted m 
Table I all the monkeys on which data are here reported received the fol- 
lowing 10 or 20 mg of ascorbic acid and 1 mg of thiamme chloride daily 
and 50 mg of nicotmic acid and 2 mg of riboflavin three tunes weekly 
In addition two animals received daily the following (which is indicated 
m Table 11 as “vitamin mixture”) 100 mg of mositol, 50 mg of cholme 
hydrochlonde, 25 mg of p-ammobenzoic acid, 1 mg of pyndoxme hydro- 
chlonde, and 10 mg of calcium pantothenate This vitamm mixture was 
added to the diet just before feeding as an abquot of 25 per cent alcohol 
solution of the matenals named 

Two monkejs m this senes received a dail} supplement of 3 gm of hver 
powder which was prepared by heatmg fresh beef hver m an electnc oven 
for 24 hours at 100° and then grmdmg to a powder Certam inimals 
rccened sup/Jlcments of fresh beef liver, fresh lean beef, or cured ham 
(Table I) Tliese meats were obtamed at local markets weekly and were 
stored in the rcfngcrator until used As needed, they were ground m a 
meat chopper and mixed with the diet before cookmg 

'Ubco brand, purchased from Tba Borden Company, 350 Madison Avenue, 
Ntvr \otk, N Y 



TOTTER, SHUKERS, KOLSON, MIMS, ARD DAY 


149 


Xanthoptcnn was prepared by the method of Purrmann (22) and by a 
minor modification in which 2,4,5-tnammo-6-hydro\ypynmidme bisulfite 
was used mstead of the free base The bisulfite derivative was obtained 
by heating the 2,4-diamino-5-)Sonitroso-6-hydro\yp3mmidme (23) from 
33 gm of 2,4-diammo-6-hydro\'ypynmidme sulfate (23) with 90 to 100 gm 
of sodium hydrosulfite m 100 ml of water After 30 to 60 mmutes on the 
steam bath the mixture was diluted, boiled, treated wath charcoal, and 
rapidlj filtered while hot The bisulfite of the tnammo base separated 
rapidlj’’ on coohng 6 gm of this compound were treated with 10 ml of 
water-free dichloroacetic acid and the remainder of the synthesis earned 
out as desenbed by Purrmann (22) 

“Folic acid” assays were made on the basal monkey diet and on the 
vanous dietary supplements by the method of Mitchell and Snell (24), 
taka-diastase bemg used to hberate the stimulatmg factor (25) 

ResuUs 

Comparison of “Folic Acid" Content of Certain Materials imth Their 
“Vitamin M" Activity — Table I bnefly presents data on the fohe acid 
content of the basal vitaimn M-deficient diet and of several supplements 
which have been fed to monkeys, together wth statements as to the effec- 
tiveness of these supplements m preventmg vitamm M deficiency As 
measured by the growdh of Streptococcus lachs R, the daily allowance of 
basal vitamm M-deficient diet for a monkey (83 gm ) contains 31 y of 
fohe acid, 5 gm of dned brewers’ yeast, which when fed daily have been 
showm to prevent nutritional cytopema m the monkey, contam 21 y of 
fohe acid The monkey which received 6 gm of dried yeast therefore 
received 52 y of fohe acid daily On the other hand, the monkeys which 
received 3 gm of dned hver powder daily received a total of 170 y of fohe 
acid daily and yet were not fuUy protected agamst vitamm M deficiency 
Also, the monkey which received 25 gm of fresh banana daily was gettmg 
55 y of folic acid and yet developed nutntional cytopema m the usual 
length of tune An exaimnation of Table I reveals other situations m 
which the fohe acid and vitamm M values do not appear to parallel each 
other 

From these experiments it appears evident that assays for "fohe acid,” 
by the method with Streptococcus lactis R, do not measure vitamm M 
activity This of course does not preclude the possibility that folic acid 
may be one of two or more substances with vitamm M activity 

The recent isolation of crystaUme vitamm Be by Pfiffner el al (26) and 
a substance stimulatmg growdh of Streptococcus lactis R by Keresztesy el al 
(27) does not entirely clarify the status of “fohe acid ” Smee vitamm 
Be IS an antianemia factor for the chick (26), it is not unhkely that it may 
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likewise Stimulate liemopoieRis m the monkey However, as this sub- 
stance IS a stimulating factor for Streptococcus lochs R (28), it is very 
probably not always the limiting factor for the monkey m diets producing 
vitamin M deficiencv 

Effectiveness of Synthetic Xanthopterin in Curing and Preventing Nutn 
tional Cijtopcnia in the Monkey— Table II and Fig 1 present our data on 
the effect of xanthopterin on the blood picture of monkeys rendered cyto- 
penic by deficient diets Monkey's 55 and 129 received xanthopterin in 


Table I 

"Fohe Acid" Intalc of Monicys (/Is Contained in Basal Diet Plus Supplement) 
Compared with effectiveness of Diet Supplements in Preventing "Vitamin Af” 

Deficiency 

Diet COO fed throughout * 


^ Daily supplement 

r 

No of 
animats 

Daily »fohc 
acid ^ intake 
roicrograms 
of material 
of poteno 
40 000 

Effectiv eoess of supplement against 
vitamim M de6ciency 

Nonet 


31 

Monkeys not protected 

« 


60 

tt fr If 

5 gm frcsli beef livcrf 


65-101 

Monkey fully protected 

3 " dried “ “ t 


170t 

Monkeys not fully protected 

2 5 gm “ brewers’ jenst§ 


41 

Monkey “ “ “ 

5 gm § 


52 

“ fully protected 

10 “ " “ “ § 


73 

Monkeys “ 

2 “ Lilly’s liter extrnett 

1 

115 

Monkey “ “ ^ 

20 “ fresh beeff 

1 

50 

“ not protected 

10 “ cured Immf 

1 

35 

tt If If 

25 “ fresh baiiaiinf 

1 

55 

If If If 


*ln the Bcoond grouj) the vitnnun-tree casein of Diet 600 was replaced by a 
crude easein (casein, edible, muriatic, manufactured by the Casein Companj of 
America, New York) 

t In addition to Uiiamint, riboflavin, nicotinic acid, and ascorbic acid 
i A single large batch prepared from one beef liver 
§ In addition to 4 gm of orange 


the rapidly fatal, adtanced stage of the deficiency Nevertheless, both 
showed reticulocydc response and marked increase m both white and red 
cell counts, but the thcrapi was unable to prolong appreciably either the 

restored counts oi the lit es of these animals 
Monkey 132, aftci developing the cliaracteristic anemia and leucopenia 
on the deficient diet supplemented tvith 25 gm of banana daily, was given 
5 mg ot xanthopterin per dav for the mmamder of the expenment ihe 
,,Wc nnd orfl counk « ™ m.sed to ne.tly oomml levels and renmmed 
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Table II 

Hematological Data on Monkeys Which Received Diet 600 
Supplemented in Various Ways 

Counts were made weekly or oftencr but only the most significant data have been 
included in this table 


Monke> Days on Diet 
No 600 


Daily supplement* 


10 gm fresh beef 
20 “ " " 


S mg vanthopterin added 
Xanthopterin increased to 
10 mg 


Vitamin mivturef 


2 5 mg xanthoptenn added 

S mg xanthopterin intra- 
muscularly 


25 gm fresh banana 


6 mg xanthoptenn added 


Banana withdrawn 


1 mg pyndoxine added 
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Table 11— Concluded 


Monke> 

No 

D»yi on Did 
600 

I 

Duly supploneat 

Wlilte 

blood 

cells 

Red 

bl<wd 

alls 

Retfcu 

locytes 

Hemo- 

Slobm 




thouiandt 

nttUons 

fer 1000 





Ptremm 

Per Cjnm 

r.b e 

100 mJ 

137 

0 

Vitamin mixturcf + I mg 

11 2 

4 17 

1 

9 71 


1 

of xanthoptenn 






50 j 


7 8 

3 77 j 

2 



1(M 


9 4 


! 5 

8 59 


151 


8 9 

3 43 

4 

10 40 


' 201 


11 2 

1 4 13 

5 

10 65 


2^9 


11 7 

3 97 

7 

10 00 


209 


9 8 

4 22 

4 

11 00 


289 


5 2 


2 

8 SO 


ijtill alive 




■ 



• All tlic monkejs received 20 mg of ascorbic acid and 1 mg of thiamine chlonde 
dnilj , and 50 mg of nicotinic acid and 2 mg of nbofla\in three times accklj inaddi 
tion to the supplements sbonn m this column 

fThcdailj doscof this \itnmin mixture supplied thefolloning lOOmg of inositol, 
50 mg of clioline hjdroehlonde, 25mg of p aminobenroic acid, I mg of pjTidoMne 
hjdrochlorido, and 10 mg of calcium pantothenate 


there t\tth some fiiictuntion for almost 30 da\s Thereafter the ithite cell 
erj'throcj to, and liemoRlobin lc\els steadily declined until the death of the 
animal on the 192nd daj of expenment The addition of p 3 Tido\me to 
the diet did not appear to influence the blood picture 
The results obtained with Monkci 128 (Fig 1) also show, verj stnk- 
inglj', the effect of xanthoptenn feeding on the blood counts of the deficient 
monkey Tlie effect of heating and drying on the \atamm M content of 
li\er was tested bj use of two animals, Monkc 3 s 125 and 128, which re- 
ceived 3 gm daily of a powder prepared bj drjung fresh beef liver at 100° 
for 24 hours and then grinding it to a powder Monke}" 123 served as a 
control and received fresh liver, fora period of 463 daj's it received 10 gm 
of fresh beef hv'er daily, thereafter until the present time (205 daj's) it has 
received 5 gm of fresh liver dail}% and is still in excellent health, with a 
normal blood picture 

Monkej'' 128 developed moderate anemia and marked leucopenia after 
220 dajs on the experimental diet supplemented with 3 gm of the heate 
dned liver (Fig 1) Treatment with 2 5 mg daily of xanthoptenn wm 
followed by a slight reticulocyte response and a stead} increase m w i e 
and red cell counts, which reached normal levels in about 20 days ana 
remained withm normal limits until xanthoptenn was withdrawn on in 
290lh da\ Thereafter the counts declmed and treatment w^ ^ 
on Ik 3M> d.j Tl,, n»po„,e to 10 « of ^nnthopt.^n do.ly for 3 
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da\s Mas \cr3 rapid but somcwliat less satisfactory, 2 5 mg daily for the 
nevt 3 months sensed to keep the counts fluctuatmg somewhat below pre- 
nous le\els The second Muthdrawal Mas followed by a rather prompt 
return of moderate anemia and severe leucopenm Resumption of treat- 
ment mth 5 mg of \nnthoptenn was folloned bj' a marked mcrease m 
reticulocjdcs, and slight increases of red and white cells for a few days 
The ammal became ill a erj suddenlj on the 462nd day and died 2 days 
later with a sei ere leucopenia and the usual signs of vitamm M deficiency 
at autopsj’ 
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Fig 1 Hematological data on Monkej 128, male, which received Diet 600 supple 
mented with 50 mg of nicotinic acid and 2 mg of riboflavin three times weekly, Md 
with 20 mg of ascorbic acid, 1 mg of thiamine chloride, and 3 gm of hver powder 
flail} (the liver powder was prepared by drying fresh beef liver at 100 or ours 
and grinding to a powder) The monkey was given 2 5 mg , 5 mg , or 10 mg o syn 
thetic xanthopterin daily at the times indicated on the chart 

Monkey 137 (Table II) received 1 mg of xanthopterm daily from^he 
start of the experiment, m addition to the amounts of ascorbic am , 
amme chlonde, mcotmic acid, nboflavm, mositol, chohne hy 
7>-animobenzoic acid, pyndoxme hydrochloride, and calcium pan o cm 
stated m the foot-notes to Table II The blood counts remamed withm 
the lower range of normal for 269 days, but thereafter * ® °° 1“° 

slowly detenorated The monkey is still ahve on the y 

moderately cytopemc Although xanthopterm nntn- 

tected this monkey, it has appeared to delay defimte y e onse 
tional cytopema 
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TJiese data stronglj suggest that xanthopterin is required bj the monkey 
for normal hemocytopoiesis It seems probable that heating and diymg 
h^ er destroj some other factor or factors likeinse required for blood cell 
formation, m addition to all or part of the xanthopterm known to be 
present m liver (29) 

The mcrease in leucocytes after injection of a “fohc acid” concentrate 
noted by Wilson et al (12) maj’^ have been due n holly or m part to the 
xanthopterm knomi to be present m such concentrates, hovever, our 
results by no means exclude the possibility that other substances m the 
concentrate were also actne 


SUMStABT 

In a number of materials assayed, the distnbution of the factor stunu- 
latmg growth of Streptococcus laclts E, (fohc acid) was shown to be different 
from that of xitamm hi 

Pantothenic acid, cholme, p-ammobenzoic acid, pyTidovme, and inoMtoI 
did not prevent nutntional cy'topenia m the monkey 

The treatment of cytopemc monkey's with symthetic xanthopterm was 
followed by' reticulocy'te responses and increases m red and white blood 
cell counts 

The results suggest that xanthopterin or some closely' alhed substance 
may be required by the monkey' for normal hemocytopoiesis, howeier, it 
seems probable that unidentified substances may' also be necessary' 
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THE USE OF STREPTOCOCCUS LACTIS R FOR THE MEASURE- 
MENT OF “FOLIC ACID”* 

Br T D LUCICEY, G M BRIGGS, Jr , wd C ■V ELVEHJEM 

(From the Department of Btochemutry, College of AgncuUure, Vniverstty of 
Wtsconstn, Madtson) 

(Received for publication, October 29, 1043) 

During studies on tn o chemically unidentified, water-soluble vitamms 
necessary for the chick (designated as vitamm Bm and Bu (1)) “fohc acid”* 
■nas determined routmely by the method of MitcheU and SneU (3) Al- 
though the method proved satisfactory for assa}Tng similar preparations 
from liver, the medium was found to be inadequate m several essential 
factors when other matenals were assayed Smce this rendered the assay 
unreliable under certam conditions, studies were made to see whether the 
deficiencies of the medium could be ehmmated This paper covers the 
vitamin, mmeral, and other nutnent requirements of Streptococcus lacks 
R* and descnbes a medium which gives a more reliable assay for “fohc 
acid ” 

Assay Procedure 

The moculum is prepared directly from a stab culture m a sterile moc- 
ulum medium (basal medium plus 200 t of solubihzed liver per 10 ml ) 
and mcubated for 8 to 30 hours at 30° 

A senes of duphcate tubes contammg 0 to 300 y of solubihzed liver is 
used to establish a standard curve Varjung amounts of the matenal to 
be assayed are selected which are estimated to give a response mthm the 
range of the standard curve 

Natural matenals often require hberation of the bound nutrahte, which 
may be accomplished by digestion with taka-diastase, as recommended by 
the Texas workers (4) 1 gm of finely ground sample is placed m 8 ml 

of 1 per cent sodium acetate solution at pH 4 5 to 4 7 20 mg of taka- 

* Published with the approval of the Director of the Wisconsin Agricultural Er 
penment Station Supported in part by grants from the Wisconsin Alumni Research 
Foundation and Swift and Company 

We are indebted to Merck and Company, Inc , Rahway, Ken Jerscj , for the crj stal- 
line vitamins, to The Wilson Laboratories, Chicago, for solubihzed Iner (liver 
Fraction L) and whole liver substance, and to the Ceropbjl Laboratones, Inc , 
Kansas City, Missouri, for grass juice powder and dried grass extract ponder 

* “Folio acid” IS the name applied by Mitchell et al to the matenal found in the 
nont eluate fraction of spinach which gives gronth responses to both Streptococcus 
lochs R and Lactohacdlus casei on a casein hydrolj sate synthetic medium (2) 

* Streptococcus lochs Roger lA at the Dmversity of Wisconsin, or No S043 of the 
American Type Culture Collection, Washington, D C 
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diastase in 1 ml of wafer are added and the mixture is mcubated under 
toluene for 24 hours at 37° The digest is then neutrahzed, autoclaved 
for 15 minutes at 15 pounds, and diluted as desired 
The samples are placed in tubes ^ by 6 inches, the volume m each is made 
up to 5 ml , 5 ml of ba^al medium are added, and the tubes are stenhzed 
for 15 minutes at 15 pounds pressure After cooling to room temperature, 
1 drop of the inoculum is added to each tube from a stenle pipette, and the 
tubes are incubated at 30° for IG hours Instead of plugging the tubes, it 
IS convenient to put a coa ei oa er each rack dunng sterilization and incuba- 
tion Possible contamination dunng inoculation is of little consequence 
w hen this fast groaaang organism is used in a short penod assay 
Response to “folic acid” is measured by use of a photoelectnc turbi- 
dmieter (c g an Evelaai colonmeter anth Filter 620 (5)) The amount of 
“folic acid” in the unknown is calculated from the standard curaa in terms 

,n 

49 

&3 

57 

61 

0 3 0 60 90 120 ISO 180 2D 

r SOLUBIUZED LIVER 

Fia 1 Comparison of cun es obtained bj reading turbiditj and pH, and titrating 
one set of tubes G ■= galannometer reading (see Table I) 



of equivalent amounts of solubihzed hver Three to five concordant re- 
sults are aa'eraged to give a final value 
We have used taao methods of expressmg “fohc acid” activity One 
method gives the aalues m terms of per cent activity and is based upon 
the standard, solubilized liver, having 100 per cent activity The other 
method maolves an empirical procedure used by the Texas group (3) m 
wluch the standard hver eadract is given a potency of 1 and “fohc acid ^ 
assumed to have a potency of 40,000 Thus the activity of the standard 
15 100 per cent m the first method and in the second method it is 25 y oi 


men a precipitate or a color is formed m the tubes (eg 10 y of a coppe 
or a selenium salt will form obstructive precipitates), makmg J ^ 
readings inaccurate, the amount of “fohc acid” m the sample may be calcu- 
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lated from eithei a titration curve or a pH curve In Fig 1 the turbidity 
cun e IS compared with curves obtained b 3 ’- readmg the pH and titratmg 
the same set of standard curves 

Effect of Punnes and Pyrimidines — Snell and Mitchell found that Strep- 
tococcus lactis R required adenine or guanine and thymine for growth (6) 
Th\mme ivas also shonn to be active by Stokstad (7), who found that 
thjTmne vith adenine, guanine, hjqjoxanthme, or \anthme partially re- 
placed the Lactobacillus casei factor of Snell and Peterson (eluate factor) 

Table I 


Effect of Purines, Pyrimidines, and "Folic Acid’’ on the Growth of Streptococcus laclts R 


Material added 

Ainotmc 

No of 
expcn 
meats 

C 

None 


4 

98 

Adenine 

1 mg 

4 

96 

Guanine 

1 “ 

6 

97 

Xanthine 

1 “ 

9 

97 

Uracil 

1 “ 

2 

96 

Thymine 

2r 

5 

9S 

Solubilized liverf 

40 “ 

4 

96 

“ “ (40 y) + adenine 

1 mg 

4 

92 

“ “ (40 “) + guanine 

1 “ 

4 

91 

“ “ (40 “) + xanthine 

1 “ 

4 

91 

“ “ (40 “) -(- uracil 

1 “ 

2 

96 

“ “ (40 “) + thymine 

2r 

4 

97 

Th 3 Tmne (2 y) -|- adenine 

1 mg 

S 

85 

“ (2 “) 4- guanine 

1 “ 

2 

92 

“ (2 “) -t- xanthine 

1 “ 

8 

74 

“ (2 “) + uracil 

1 “ 

2 

96 

“ (1 “) and xanthine (1 mg ) + adenine 

1 " 

4 

82 

“ (1 “) “ “ (1 “ ) + guanine 

1 “ 

4 

86 

“ (1 “) “ “ (1 “ ) + uracil 

1 " 

2 

79 

Adenine, guanine, xanthine, uracil (1 mg each) + solu- 




bilized liver 

40 y 

4 

89 

Ademne, guanine, xanthine, uracil (1 mg each) + solu 




bilized liver 

200 “ 

4 

73 


* G — galvanometer reading, 100 = no growth, 0 = total extinction of light, about 
70 = maximum growth 

t Solubilized liver ib a source of “folic acid ” 


From a study of the effect of purmes and pynmidines upon Streptococcus 
lactis R (Table I) it was found that these matenals are active onlj in certain 
combmations The most active combmation was that of thjTnine mth 
xanthine These observations mdicate that Streptococcus lactis R is 
stimulated by a pyrimidine and a purme The p 3 Timidine may be th 3 Tmne 
or a compound in liver, and the purme may be xanthme or a similar com- 
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pound The large amounts of thymine (2 to 4 7 per tube) and \anthuie 
(100 7 per tube) required suggest that these molecules are altered before 
thej are physiologically active 

The addition of a third member to this combmation decreased the amount 
of grow th obtamed, suggestmg that punnes other than \anthme uhich are 
present in the medium combine stoichiometncall3' with the pjrimidine 
component to form a molecule which is less active phs'Siologically than the 
Nanthine-thjmme (or their denvative) compound This effect is smular 
to that of p-ammobenzoic acid versus the sulfonamides (8) Pennmgton 
noted smular results while studying stimulatory compounds with Spirillum 
serpens ( 9 ) 



BIOTIN PANTOTTENICACID 



NICOTINIC ACID PYRIDOXIN E 

Fio 2 Effect of vitamins on the growth of Strepiococcu, tocOs R Crjstallme 
biotm acid was used for the biotin curve G = gahanometer readings 

It IS evident from these results that materials contaimng large amount 

be estimated by determmmg grow'th activity after the samp 
treated with acid to destroy the ‘ folic acid requirements 

Vitamin Re^nrements-^ order the 
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of the vitamins found to be necessary for the groivth. of S lactts R are 
given in Fig 2 From these and similar evpenments, the approximate 
mmimum vitamm requirements for S lactts R m 10 ml of a casern hydrol- 
ysate-sjmthetic medium are estimated to be as follows biotm 1 to 4 
milhmicrograms, calcium pantothenate < 1 7 , nicotmic acid 1 to 4 7 , and 
pyndoxme 8 to 10 7 Thiamme and riboflavm were mthout effect on this 
medium S lactts R has previously been reported to require 03 y of 
pantothenic acid per 10 ml by Snell, Strong, and Peterson (10) and up to 
3 7 of pjTidoxme per 10 ml by Snell and Guuard ( 11 ) 

These studies mdicate that microbiological assays for biotm, pantothenic 
acid, mcotmic acid, and pyndoxme are possible with Streptococcus lactts R 
as the test organism 

VI 21 01 8 9 V 2 0 



Fig 3 Groi\th dosage curves of Streptococcus lactts R mth potassium salts 
G = galvanometer reading 

Fig 4 Effect of nutrients on the growth of Streptococcus facfis R Tryptophane, 
0 5 ^ , cystine, 1 N sodium acetate, 10 N, glucose, 20 N G = galvanometer reading 

Mineral Requirements — A similar set of experiments v\ as devised to deter- 
mme the mmeral requirements of this bacterium All of the salts were 
omitted from the medium for “fohe acid" assay (wuth the exception that 
the medium was neutrahzed wuth 10 pei cent sodium h}droxide), and 
Super Filtiol eluate equivalent to 200 7 of solubilized liver was added to 
each tube With this medium, potassium w as the only mmeral that needed 
to be added to produce good growdh In the absence of added potassium 
no growdh was obtamed The following salts were added and found to 
have no effect NHiCl (0 1 to 10 mg ), NaCl (1 to 20 mg ), NaH POi (0 25 
to 10 mg ), MgNOj (0 05 to 2 mg ), FeSOi (2 5 to 100 7 ), and jMnSO< 
(2 5 to 100 7 ) Expenments with potassium salts show (Fig 3) that the 
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potassium in potassium chlonde, dipotassium phosphate, and potassium 
acid phthalate is equally available The increased amount of groiidh in 
the case of dipotassium phosphate abo%'e the actual potassium requirement 
(about 1 mg of the salt), as compared to the decreased groirth obtained by 
adding potassium chlonde above the potassium requirement, may be 
accounted for by the buffenng action of the dibasic salt 

These curves mdicate that this organism might be used in a micro- 
biological assay for potassium 

Requirements for Other Nulnents-~The requirement for each of the other 
nutnents under the conditions of the assay was determined fay the sfimp 
technique The results are summanzed m Fig 4 The best growth (as 


Table II 

Basal Medium for Streptococcus laclu R in 16 Hour "Folic Acid" Assay 


CoDSUtuent 

Amount per tube 

Amount per 
200 tubes 

Sodium acetate 

20 mg 

4 gm 

Glucose 

too “ 

20 “ 

n ..n (acid hydrolyzed) 

50 “ 

10 “ 

1 Cj'Btine 

1 “ 

200 mg 

f-Tryptophane 

3 “ 

600 " 

Adenine sulfate 

0 1 mg 

20 “ 

Guanine hydrochloride 

0 1 “ 

20 “ 

Xanthine 

0 1“ 

20 “ 

Thiamine hydrochloride 

2r 

0 4 mg 

Riboflavin 

2 “ 

0 4“ 

Nicofimc acid 

’ 6 “ 

3 2“ 

Pyndoxinc lijdroohlonde 

12 “ 

24 “ 

Calcium pantothenate 

4 “ 

08 " 

Biotin (concentrate) 

4 imllimi 
crograms 

0 87 

K,HPO, 

50 rag 

10 gm 

Water to roahe 

5 cc 

I liter 


measured by turbidity) was obtained with 3 mg of tryptophane, 1 to 3 rog 
of cystine, 10 mg of sodium acetate, and about 40 mg of glucose per tube 
Medium — A complete basal medium for the "folic acid” assay based on 

the above results is given in Table II 
The solutions for the vanous constituents of the medium are made up as 


Vitammc-free, acid-hydrolyzed casern = 50 gm of Laboo rasein a 
mixed with 500 ml of HCl (280 ml of concentrated acid diluted to 
ml ) and mfluxed for 48 hours The hydrolysate is concentrated m vaci 

> This procedure was adapted from that of Mitchell et al (3) 
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to a thick syrup, redissolved m water, and reconcentrated four tunes It 
IS then taken up in water (500 ml ) neutrahzed to pH 3 with NHiOH, and 
5 gm of nont A are added The mixture is stirred for 30 mmutes and 
filtered The filtrate is neutrahzed wuth NH<OH This, as w'ell as other 
biological solutions, is preserved with toluene and kept cold 
Ademne and guanme These are dissolved together m a small amount 
of HCl with heat and diluted to 1 mg m 4 ml of water 
Xanthine is dissolved m NH4OH and diluted to 1 mg per ml 
Cystme and tryptophane Each of these is dissolved m a small amount 
of HCl and diluted to 1 mg per ml and 10 mg per ml respectively 
Vitamms 60 mg of p3Tidoxme hvdrochlonde, 20 mg of calcium panto- 
thenate, 30 mg of mcotmic acid, 10 mg of thiamme hydrochlonde, 10 mg 
of nboflavm, and 20 y of biotm (S M A Corporation’s concentrate No 

G 



SOLUBILIZED LIVER 

Fig 5 Growth dosage curve with Streptococcus lactic R on the new medium G = 
galvanometer reading 

1000 may be used) are added to 100 ml of w ater This mixture is shaken 
w ell before bemg added to the basal medium (0 02 ml per tube) 

Base 10 per cent KOH is used to neutralize the medium to pH 7 0 
to 7 2 

This medium is more rehable because extra amounts of vitamms supphed 
by the matenal to be assayed have no effect on the groivth produced The 
mcreased buffermg action gives about twice as much growth as did the 
medium of Mitchell and Snell Standard curves obtamed with this new 
medium give a wider assay range and have a hnear relationship betw een 
the amount of solubilized hver added and the amount of growth produced 
(Compare the cuiwe m Fig 5 with that obtamed with the old medium m 
Fig 1 ) It seems doubtful that maximum growth is obtamed, smce 
titration rartiy exceeds 4 cc of 0 1 n NaOH per tube Further evidence 
for this IS obtamed when large amounts of Supier Filtrol eluate and solu- 
bilized hver are used to make growth-dosage cun^es The curve obtamed 
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identity of Hogan’s antianeinia factor and Peterson’s ‘eluate factor’” 
However, Keresztesy , Rickes, and Stokes have isolated a compound which 
IS active for Streptococcus lachs R but inactive for Lactobacillus casei (19) 
For reasons not divulged they indicate that this compound is neither “folic 
acid” nor the eluate factor 

Stokstad (14) has lately announced the isolation of a ci^'stallme material 
vhich seems identical from chemical analysis ivith the material isolated 
by Pfiffner et al (18) Stokstad’s crystals are active for both bacteria 
when isolated from liver but they are only one-half as active for Strepto- 
coccus lachs R w hen isolated from yeast 

We have found (Table III) that whole hver substance and grass juice 
pow der contam more of the grow^th substance (or substances) required by 
Streptococcus lachs R and relativelj' smaller amounts of the factor (or 
factors) required bj' Lactobacillus casei than does solubihzed liver This 
ratio IS reversed m the case of grass extract powder These observations 
and the above reports indicate the existence of at least two compounds 
which are phj'siologically active for these two bactena 

SUMMARY 

'The optimum amounts of biotin, nicotinic acid, pantothemc acid, py- 
ndoxnne, dipotassium phosphate, sodium acetate, trvptophane, glucose, 
and certain punnes and pyrimidines were determmed for the growth of 
Streptococcus lachs R on a casern hydrolj'sate-sjmthetic medium m order 
to facilitate the use of this organism m assaj' work The data were used 
to build a new medium for Streptococcus lachs R which may be used to give 
a more reliable “folic acid” assay 
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THE EFFECT OF pH OF THE FILTRATE ON THE RECOVERY 
OF INULIN AND DIODRAST FROM BLOOD PLASMA 

Bt NATHAN W SHOCK* 

{From the Dtvuton of Chemotherapy, National Institute of Health, United Slates Public 
Health Service, Federal Security Agency, and the Baltimore City Hospitals, Baltimore) 

(Received for publication, October 27, 1943) 

Removal of proteins from blood plasma by precipitation \v ith cadmium 
sulfate and sodium hydroxide (3) has been recommended and used m the 
preparation of blood filtrates for the estimation of mulm and diodrast by 
previous mvestigators (1, 5, 8) Others have been unable to recover 
muhn quantitatively from such filtrates (6, 7) This paper presents data 
which throw some hght on a probable source of these differences, and mdi- 
cates that the pH of the filtrate influences the recoverj of muhn 

EXPERIMENTAL 

Samples of blood plasma containmg 20 mg of muhn and 2 mg of diodrast 
per 100 cc were prepared 20 mg of punfied muhn vere dissolved m 5 cc 
of 0 9 per cent NaCl containmg 2 mg of diodrast and diluted to 100 cc 
final volume with the plasma Blood 1 was a citrated plasma obtamed 
from a blood bank Bloods 2 and 3 were drawn directly mto dr3’’ flasks 
containmg the required amount of dry heparm to prevent clottmg The 
blood was centrifuged and the plasma separated for use Samples of each 
plasma were reserved without addition of muhn or diodrast for blank tests 
Both control and expenraental samples of plasma were treated ■mth v ashed 
yeast for the removal of glucose pnor to the preparation of filtrates Fil- 
trates of varymg pH were prepared from each plasma by addmg 1 volume 
of 0 80, 0 90, 1 00, 1 05, 1 10, 1 12, 1 15, or 1 20 n sodium hydroxide to 1 
volume of plasma m 8 volumes of acid cadmium sulfate solution Control 
or blank filtrates were prepared with each concentration of alkah as v ell 
Thus filtrates uere obtamed at eight different pH levels for each blood 
After filtration, the pH of the filtrate was immediateh determmed with 
the glass electrode 

Inulm vas determmed m each filtrate by the follomng modification of 
Harrison’s method (4) to 5 cc of filtrate, diluted to contam from 3 to 20 7 
of muhn per cc , 10 cc of diphenjdamme reagent Mere added in a 19 X 150 
mm Pyrex test-tube graduated to contam 15 cc (Fresh diphenyla- 
mme reagent vas made each daj’’ by dissohung 3 gm of diphenjlamme 
(Merck’s) m 100 cc of glacial acetic acid To this <!olution GO cc of con- 

* With the technical assistance of Marvin J Yiengst 
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centrated HCl were added ) After the contents of the tubes were mixed 
w ell, the tubes were heated m a boihng u ater bath for 60 minutes, cooled to 
room temperature in tap ii ater, and the volume adjusted to the 15 cc mark 
by the addition of water After the mixing, the color was compared ivith 
a water blank similarly treated, at a wave-length of 640 m/j in the Coleman 
universal spectrophotometer with a No PCM filter and a slit width of 35 
mp Blank detenhinations were made on plasma filtrates prepared at the 
same pH 

Diodrast was determmed in each filtrate accordmg to the method of 
FIox, Pitesky, and Alving (2) The color intensity of the lodme hberated 



To ao 9D 10.0 

pH OF FILTRATE 


Fia 1 Effect of changes in pH of plasma filtrates on the recovery of added muhn 
and diodrast 


after 10 minutes was read in the Coleman universal spectrophotometer at 
a wave-length of 400 mp wnth a No PC-6 filter 

Results 

The results obtained with three blood samples are shown m Fig 1, m 
which the pH of the filtrate is plotted against the per cent of muhn or dio- 
drast which was recovered The data mdicate that for complete recovery 
of muhn the pH of the filtrate must be less than 8 5 No loss of diodras 
was observed, but in filtrates with pH greater than 9 5, the apparent 
recovery was greater than 100 per cent 


SimMARX 


The recovery 
precipitation of 


of muhn from blood plasma filtrates prepared by the 
cadmium sulfate with sodium hydroxide was mcompJete m 
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filtrates with a pH greater than 8 4 At pH 10 2, less than 5 per cent of 
the added inuhn iias recovered Recovery of diodrast was complete m 
filtrates ivith a pH of 9 5 or less At higher pH levels, high diodrast read- 
ings were obtamed 
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THE ADRENALS AND THE MOBILIZATION OF STORED FAT 
FORMED FROM DIETS CONTAINING DIFFERENT FATS* 

Bt LEO T SAMUELS and ROBERT F CONANT 

{From the Division of Physiological Chemistry, Department of Physiology, University 
of Minnesota Medical School, Minneapolis) 

(Received for publication, September 14, 1943) 

It has been amply demonstrated that the metabolism of the rat is dis- 
turbed by adrenalectomy The more rapid disappearance of carbohydrate 
on fastmg has been attributed to decreased glyconeogenesis from protem 
(1, 2) However, the accumulation of fat m the liver is also decreased and 
IS not restored to normal b}' salts alone (3, 4) Since a large part of the 
normal metabolism of the animal durmg fasting is that of fat, it was thought 
worth while to investigate the rate at which fat disappeared from the hver, 
mesentenc stores, and skeletal muscle of adrenalectomized rats when food 
was withheld 

Smce tung oil contains a high amount of conjugated fatty acids, one diet 
contamed this fat m an emulsified form, the ongmal plan bemg to use this 
as a tracer This did not prove feasible, but it was found that the presence 
of this fat considerably mcreased the excretion of acetone bodies and the 
loss of fat from the liver dunng fastmg 

Methods 

Young male rats of the Sprague-Dawley stram, 75 to 90 days old, were 
divided mto twelve groups of five to eight rats each with similar distnbu- 
tions of body weight They were then fed one of the two diets listed m 
Table I for 6 days by the stomach tube method of Remecke et al (5) 

The sodium bicarbonate was mcluded to mcrease the ketogemc effect of 
the diet Each rat was given 1 cc of diet twice a day for eveiy 60 sq cm 
of body surface All animals received the Bubm-Rjick solution to drink 
(6) Two groups were adrenalectormzed at the begmnmg of the feeding 
penod, the lumbar approach bemg used, and four other groups at the end 
of the 6 day feedmg penod Table II gives an outlme of the treatment for 
each group 

Groups 1, 2, 5, and 6 were placed in metabolism cages durmg the feedmg 

* This work was supported by grant No 453 of the Committee on Scientific Re- 
search, American Medical Association 

Assistance in the preparation of these materials was furmshed by the personnel of 
the Work Projects Administration, Official Project No 165 1 71 124, Sub project 
No 355 
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penod The unne w as collected in 48 hour portions and analyzed for total 
acetone bodies by the method of Van Slyke (7) Dunng the fastmg period 
the unne of Groups 11 and 12 was collected and anahzed in the same 

Table I 

Compostlton of Diets 

The diets were mixed and run twice through a small manually operated homo 
genizcr 



Diet 1 

Diet 2 

35 per cent cream, gm 

17 6 

69 2 

57 ** ** ** 

74 6 


Butter fat, gm 

1 

30 8 

ung oil, gm 

7 8 


n n B concentrate (Abbott), capsule 

1 

1 

" D “ (850,000 units per cc ), drop 

1 

1 

i-faHCO,, gm 

2 

2 

Fat (analysis), per cent 

56 5 

55 

Tung oil fat, per cent 

7 75 

0 


Table U 

Urine CoUcehon (£ Day Periods) dunng Expenments Covering 6 Days of Feeding 
Followed by 6 Days of Fasting 


Group 

No 

Diet 

Treatment 

Duiatioa 
of ome 
coUrcbOB 




days 

1 

Butter fat 

Controls 

6 

2 

(( tt 

Adrenaleotomized at beginmng of feeding period 

6 

3 

tt tt 

Controls 

12 

4 

tt It 

Adrenaleotomized at beginning of fasting period 

12 

5 

Tung oil 

Controls 

6 

6 

(C tt 

Adrenaleotomized at beginning of feeding penod 

6 

7 

tt tt 

Controls 

8 

8 

tt tt 

Adrenaleotomized at beginmng of fasting penod 

8 

9 

tt tt 

Controls 

10 

10 

tt tt 

Adrenaleotomized at beginning of fasting period 

10 

11 

It tt 

Controls 

12 

12 

tt If 

Adrenaleotomized at beginning of fasting penod 

12 


manner All values for total acetone bodies are e\pressed as the equivalent 

weight of acetone rr, , , tt j inreis 

The animals were killed at the time indicated m Table II, and the In ere 

,eredwt«(i with 6 M KOH solution null the tatty acids eetracted, titrated, 
M P«''»ndly desenbed (8) In Groups 5 to 12 the pentenal, 
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pararenal, and gonadal fat depots were also dissected out, dried vith 
anhydrous NasSOi, ground, and extracted with petroleum ether Aliquots 
of the petroleum ether extracts were then dried and n eighed The muscles 
of the thighs were also removed m these groups, dissected free of observable 
fat, and treated in the same manner as the fat depots 
AVhenever adrenalectomy had been performed, the region around the 
upper pole of the kidney uas exammed for adrenal tissue If any tissue 
resembled cortical tissue, the area was removed and examined under a 
dissecting microscope In two cases tissue of possible cortical character 
was observed and these rats u ere discarded Data for all other rats are 
included except n hen samples were lost during analysis 

Remits 

The excretion of acetone bodies is indicated m Fig 1 The ketosis was 
relatively low on the diet m which the only source of fat other than the 



CONfROLS TuncOiu 

APRENAUEcromito.TuHt Ojl 

CoNTROLt, Butter Fat 

Aorenalectomiiep, Butter Fat 

Fig 1 Excretion of ketone bodies in the unne of normal and adrenaleotomized 
male rats during fasting subsequent to diets containing different fat mixtures 
Adrenalectomy was performed at the beginning of the fasting period 

vitamm concentrates was butter fat, even though sodium bicarbonate n as 
admuustered The effect of the presence of tung oil as 13 7 per cent of 
the total fat was quite marked Tliere was a 3-fold greater excretion of 
acetone bodies 

Fig 1 also illustrates the effect of adrenalectomy, and of tung oil m the 
diet, on the ketosis durmg a subsequent period of fasting The adrenalec- 
tomized rats excreted only about one-third of the acetone bodies excreted 
by the controls They showed a similar curve of excretion during fasting, 
however There was a rise during the 3rd and 4th daj s and a subsequent 
drop, but not to the level of the first 2 days of fasting 
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Ml 

i 

M- 


LiKRFAijGn/iooCfi BoorWr , OcpotFat, Slx/ieaCHBM, 


s 


0 z -» 


^ ' 


MujcttFATJl 


mfS 


a1 


6 0246 0246 

Dam Fa(T|M» 

U C0HTR«L5, Tunc Oil 0 Co«r«fii, BurztR f*r 

0 AORtKAliCTtftIWOjTuNS OlL ffl AMtHALtCTOrtlXtC, BUTTtR fAT 


Fia 2 Effect of faating on the amount of hver, porarena] and gonadal depot, and 
muscle tat in normal and adrcnalcctonuzcd male rats The bars represent the mean 
\alucs, the dots represent individual analyses The value marked with an astenak 
was not used in computing the mean 


Table III 


Fat Content oj Organa of Rats truth and vnlhovt Adrenals during Fasting Period 


Group No 

s 

5 

V 

Fat (a diet 

liver fat per IDO gm 
body weight 

Depot /at per 100 
gm body weight 

Muscle fit 

5 

11 

"o 

"S, 

Average end »ta&d« 
ardmor 

S 

•0 

o 

Average and 
etandara error 

a 

c 

*0 

o 

Avtmevsd 
sundud error 


days 



m 


rtt 


per oral 

1 Original 

0 

Butter 

6 

0 75 ±0 0G5 

s 

2 66±0 25 



2 " 

0 

Tung oil 

5 

0 85 ±0 024 

4 

3 15 ± 0 OS 

s 

6 4 ± 0 67 

3 Controls 

2 

« « 

5 

0 27 ± 0 043 

6 

2 26 ± 0 OS 

5 

5 6 ± 0 47 

4 Adrenalcc 

2 

it 41 

5 

0 28 ±0 043 

6 

2 33 ± 0 14 

5 

4 2±022 

tomizcd 









5 Controls 

4 

44 44 

6 

0 16 ± 0 024 

5 

1 74 ±0 15 

6 

3 7 ± 0 30 

C Adrenalcc- 

4 

II II 

4 

0 165±0 013 

5 

2S5±023 

5 

4 5±0 48 

toimzed 









7 Controls 

C 

44 44 

4 

0 116 ± 0 029 

4 

0 99 ± 0 17 

4 

2 7 ± 0 14 

8 Adrenalcc- 

6 

44 44 

4 

0 115 ± 0 016 

5 

1 88 ± 0 or 

6 

4 4±0 54 

tOTiuzed 









9 Controls 

C 

Butter 

6 

0 36 ± 0 003 





10 Adrenalcc 

6 

ft 

7 

0 17 ± 0 024 





tomizcd 
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The effect of the presence of the tung oil m the diet pereisted during 
Bubsequent fasting period Its marked tendency to morease the 
ketosis IS as observable in the absence of the adrenals, and was t ere or 
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mediated through them The period of highest excretion was not signifi- 
cantly prolonged, however, it was reached on the 3rd and 4th day and was 
followed by a drop m the subsequent 2 day penod 

Fig 2 and Table III show the change in fat content of the liver, fat 
depots, and muscles both after adrenalectomy and on the two types of fat 
diet The removal of the adrenals did not significantly change the rate 
at which the fat content of the hver ffeU durmg fasting ivhen the animal had 
previously been on the tung oil diet When the previous diet had con- 
tamed only butter fat, however, the decrease m hver fat was less m the 
controls than in the groups on tung oil The difference was highly signifi- 
cant (P = < 0 01 for Groups 7 and 9 and Groups 8 and 9) Removal of the 
adrenals appeared to have accelerated the decrease until it was approxi- 
mately the same as m the animals fed tung oil The probability that the 
difference between the means for the control and adrenalectomized rats on 
the butter fat diet w'as due to chance was 0 02 

Removal of the adrenals did affect the late at which fat disappeared from 
the fat depots and muscles, how'ever The change dunng the first 2 days 
after the operation w as similar m both groups, probably because of the 
effect of circulatmg hormone After this, howevei, the decrease was slow 
and irregular in the adrenalectomized group, while the controls continued 
to use fat at a steady rate The net utilization of stored fat during fastmg 
seemed to be accelerated by the presence of the adrenal glands The dif- 
ferences by the 6th day w ere highly significant for muscle fat P = 0 02 
and for depot fat P = <0 01 

Durmg the feedmg period, adrenalectomized rats accumulated only half 
as much fat m the hvers as did the controls This was true on cither the 
tung oil or butter fat diets 


DISCUSSION 

It would seem that the results obtamed m this study could be best ex- 
plamed by two assumptions that adrenalectomy decreased the rate of 
transport of fat from the body stores to the hver or its uptake by the liver, 
and that the presence of tung oil mcreased the rate of fat metabolism m 
the hver 

The hpolytic action of the tung oil would explain the increased ketosis 
in the normal ammals on this diet and m subsequent fastmg, associated 
ivith a more rapid drop m both hver and depot fat while fasting 

On this basis the ketosis was reduced m the adrenalectomized rats, be- 
cause the fat was not removed by the hver with sufficient rapidity to 
enable it to form acetone bodies at the normal rate This is borne out bj 
the slower fall m depot fat durmg fasting The lower level of fixer fat 
during feedmg with either diet and the more rapid decrease in fixer la^ 
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dunng fasting m the adrenalectomized rats fed butter fat are also com- 
patible with this view Barnes el al (9) have shown that conjugated fatty 
acids in the neutral fat fed did not accumulate as rapidly in the livers of 
adrenalectomized rats as in the normals, although they appeared with 
normal rapidity in the phospholipid fraction In cats, Yeakel and Blan- 
chard (10) report lownr plasma lipids after adrenalectomy This would 
agree with the general thesis that adrenalectom}’’ interferes with the passage 
of neutral fats (c g depot fat) into the hepatic cells and thus lowers the fat 
available for metabolism by the liver 

If this IS true, how ever, why did not the liver fat m the adrenalectomized 
rats on the tung oil diet fall more rapidly than that of the controls dunng 
fasting? One e\planation w'ould be that the fats were bemg metabohzed 
so rapidly after the tung oil diet that the rate of fall of the liver fat was 
mavimal When one considers that the fat content of the hvers fell 
from an average of 0 9 gm per 100 gm of body weight to 0 1 gm per 100 
gm of bod}’’ weight in a pcnod of 6 days dunng which fat mobihzation and 
utilization was rapid, it is obvious that fat was passing out of the hverata 
high rate This is confirmed by the average acetone excretion of 71 5 mg 
per day for a 150 gm rat In the adrenalectomized rats previously on the 
butter fat diet this rate of disappearance w as approached but was not quite 
reached If, then, this represents the maximal rate of fat disappearance 
under the circumstances, it is understandable that the adrenalectomized 
rats did not lose fat from the livers at any greater rate The thfference due 
to adrcnalectom}’’ should be reflected, rather, m a greater difference m 
acetone body excretion This appears to be the case, the excretion m the 
ammals without adrenals is one-third that of the controls when both have 
premously been on a butter fat diet, ■while it is only about one-fourth that 
of the animals on the tung oil 

Verzdr and Laszt (11) and Bavetta and Deuel (12) have mtroduced 
evidence favonng a delayed absorption of fatty acids as an important 
factor in fat metabolism of the adrenalectomized rat While there may 
have been a small decrease in absorption, it is doubtful whether this could 
be a significant factor m the differences in hver fat and acetone body 
excretion, since the differences were similar dunng feeding and when 
adrcnalectomj was performed after the last food was fed, m the latter case 
absorption could not possibly be the causal factor 


SUMMARY 

Male rats 75 to 90 days of age were fed for G days on high fat iets, con 
taming cither almost all butter fat or 17 per cent tung oil and 73 per cam 
butter fat They w ere then fasted for 6 days Some rats adrenalec- 
tomized at the beginning of feeding and some at the start o e 
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period Groups of both adrenalectomized and contiol rats were kiUed at 
the end of feeding and at mteiwals during the fasting penod 

The presence of tung oil in the diet mci eased the acetone body excretion 
in all animals both dunng feeding and in the subsequent fasting penod 
On fasting the ketosis increased, reaching a peak on the 3rd and 4th days 
The ketosis was greater nhen the lats had been on a tung oil diet if 
normal or adrenalectomized rats were compared with similar rats fed butter 
fat only 

The acetone body excretion was always gieatei m the normal fasting 
rats than in adrenalectomized rats on the same diet 
The liver fats of both adrenalectomized and control rats on the tung od 
diet fell rapidly dunng fastmg The adrenalectomized rats used up their 
depot fats at a much slower rate than the controls, however The liver 
fats of control i ats w Inch had been on a straight butter fat diet did not 
decrease as rapidly on fastmg as in the adrenalectomized rats or the rats 
previously on the tung oil diet 

An explanation of the data is offered on the assumption that the tung 
oil primarily affected the breakdowm of fat in, and tiansport from, the liver, 
while adrenalectomy primarily affected the transport from the depots to 
the liver 

Since the same type of differences appealed in fasting between controls 
and rats adrenalectomized after the last feeding as occurred between the 
two types of rats durmg feedmg, it seems unlikely that changes in fat ab- 
sorption were major factors m the differences m liver fat and acetone body 
excretion 
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The rat has been observed to exhibit a behavior pattern characterized by 
violent conxnilsive seizures when exposed to intense auditory stimulation 
Such seizures were first observed by Maier (22) when rats were forced to 
respond to a diflacult problem “Conflict” imposed by forced reaction m a 
situation mvolxnng an insolvable problem was at first thought to be a 
necessaiy determinant of the abnormal behavior (23) Subsequent 
studies (1, 28, 31), however, demonstrated clearly that auditory stimulation 
alone was an effective means of ehcitmg such convulsions and, m addition 
(29), that the existence of a problem was not of basic importance for the 
appearance of the seizures 

In previous studies m our laboratones, Patton, ILirn, and ICing (32-34) 
obtained evidence that nutntional factors play an important r61e in the 
susceptibihty of the rat to convulsive seizures induced by exposure to sound 
Furthermore, mamtion, xntamm Bi, and xntamin B complex deficiencies 
w'ere found to be contributing factors to mcreased sensitivity A sigmficant 
findmg of one of these studies (34) was the fact that such convulsions, 
associated xvith low food mtake and persisting despite high vitarmn Bi 
supplements, could be quickly reduced by the addition of a group of xntamm 
and mmeral supplements Reduction m sensitivity occurred even with a 
low calonc mtake Thus, there was the indication that protection was 
afforded either by the supplements per se, or that they permitted a more 
efficient utihzation of food substances already present m the reduced food 
allowance 

A continuation of the xvork has entailed the investigation of the specific 
or combined functions of individual components of the xntamm B complex 
In the present experiments the effects of pyndoxme deficiency hax^e been 
studied 

* This investigation is part of a research program supported bj a grant from the 
Buhl Foundation, Pittsburgh 

Part of the data given in this paper was presented at the meeting of the Amencan 
Chemical Society at Pittsburgh, September, 1943 
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PiRIDOXINE DEFICIEXCT 


A number of investigators have reported the oceurrence of a convulsive 
state in experimental animals subjected to pxTidoxine deficiencies Chick, 
El Sadr, and Worden (2) found that fits of an epileptiform nature appeared 
in rats maintained for long periods on a diet deficient in vitamin B« The 
seizures uere charactenzed bv h}"pere\citabilita and circular runmng, 
tonic-clonic coniailsions, and a comatose recovery penod Daniel, lOine, 
and Tolle (6) found that similar seizures appeared in j oung rats nhile bemg 
nursed bj mothers maintained on pyndoxine-deficient diets Although 
the diets 'were satisfactorj from the standpoint of growth and reproduction, 
con\ailsions and failure of the joung appeared suddenly toward the end of 
the lactation period Such sj mptoms could be cured or pre\ ented by 
pj’ndoxine supplements Hypenmtabihtj' and convulsions accompaniang 
pyndoxinc deficiencies ha\ e been observed by other ini estigators in the 
pig (3, 39, 40), the chick (19), and m the dog (11) In all of these studies 
auditory’ stimuli ha\ c been found capable of precipitating attacks 

The present expenmen ts were designed pnmanly to investigate possible 
relationships existing between the sound-induced seizures studied preva 
ously bj’ Patton, Ixam, and ICing and the convulsive fits referred to above 
winch accompany pj'ndoxine deficiency’ in the rat As a technique to 
impose varying degrees of pv ndoxine deficiency’ upon y oung animals, the 
mothers at partuntion were placed on py’ndoxine-free synthetic diets or on 
diets having this vitamin present m graded amounts Seizures which 
ranged from fatal spontaneous convulsions through a less acute convulsive 
state capable of being icpcatedly’ elicited by exposure to sound have been 
observed A decreasing sensitivity’ to sound-induced seizures has been 
correlated wath increased dietary Icv'els of py’ndoxine 


EXPEniMENTAL 


The rats used in these expenments were select male and female breeders' 
wath relatively’ uniform genetic and dietary’ backgrounds The females 
were approximately 100 days old when procured and averaged 220 to 250 
gm in w eight 'Wiien pregnant, the females w ere transferred to individual 
cages with raised, screen bottoms to prevent refection Punna dog chow 
constituted the diet tliiough pregnancy until shortly before partun- 
tion, w hen synthetic diets (see below ) vv ere used Litters w ere reduced to 
SIX on the 2nd day after birth and were regularly weaned at 21 days of age 
Two basal experimental diets, essentially free of py’ndoxine, were us 
throughout this w ork The major components of AnSorh 

100 gm ) were sucrose 71, casein (S M A vatamin test) , nf +his' 

Lu mixture (C) 4, and cod liver oil (Mead’s) 2 To each 20 gm of this 

I Sprague Dav.le> , Inc , Madison, Wisconsin 
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mixture were added chobne and tuo levels of thiamine, riboflavin, and 
pantothenic acid = ’ to complete basal Diet I and basal Diet II, as given in 
the accompanying tabulation The thiamine, riboflavin, and pantothenic 



Diet I 

Diet n 

Thiamine, y 

40 

150 

Riboflavin, y 

60 

160 

Pantothenic acid, 7 

100 

200 

Choline, mg 

10 

10 


acid content of Diet I was comparable to that employed by Darnel, Kbne, 
and Tolle ( 6 ) who found that complete protection against spontaneous 
seizures was afforded by 40 7 of pyrridoxme per day The amounts of 
pj ndoxine provided in our experiments are shown in Table I 


Table I 

Amounts of Pyridoxine Hydrochloride Supplied per BO Gm of Diet 


Diet No 

Pyridoxine 

Diet No 

P3^doxine 


y 


y 

la 

0 

Ila 

0 

Ib 

25 

Ilb 

25 

Ic 

50 

lie 

50 



Ild 

100 



lie 

150 


Auditory Tests — ^AU auditory tests were given m a sound-proofed box 
contammg a resonated buzzer (This apparatus has been previously 
descnbed (30) ) A standard exposure of 2 mmutes was used for aU tests * 
Five consecutive daily tests were given the females pnor to breeding No 
trace of sensitivity appeared in any animal durmg these tests Three 
s imil ar tests were agam made on all females when the jnung were weaned 
Unless otherwise specified aU young ammals w ere given standard tests every 
other day begmnmg at the 17th day 

Pyndoxine-Deficient Diels — Spontaneous convulsions occurred m young 
rats suckled by mothers maintamed from parturition on the pyndoxme-free 
diets (Nos la and Ila) 63 young rats from eleven different htters were 

- The Vitamins used in these experiments were generously provided by Merck and 
Company, Ino , Rahway, New Jersey 

’ Diets were made up in 2 kilo lots Vitamins in the amounts reqmred were first 
nuxed with the casein for 2 hours in a ball null, after which the sucrose and salts were 
added and the total mixed for 3 additional hours 

For detailed investigations of the essential characteristics of auditory stimuli 
capable of precipitating seizures, see Morgan and Galambos (27) and Galambos and 
Morgan (12) 
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studied (Table 11) Spontaneous seizures uere obser\ed in fortj-mne 
cases but undoubtedly occurred m many other cases at times when no one 
was in the laboratory ' 

There was some vanation m the age at which spontaneous comnilsions 
were first obsen'cd, but the majority occurred between the 17th and 19th 
days Initial symptoms mcluded tremors, chewing movements, face 
w ashmg, and retraction of the head with extension of the fore legs Some 
hours later these animals showed bursts of circular running or crawling. 


Table II 

Coniulstvc Seizures in Pyndoxine Deficient Young Rais and Effects of 
Pyndoxtnc Supplements 


Di«t No 

Litter 

No 

No in 
litter 

Ace at 
which 

con^uUtonti 

were 

observed 

Supplemented with pyridoxine* 

No o( 
nnimaU 

Amount 
of pyn 
doxme 

No of 
sur\iMils 
40da>sftfter 
startlns 

supplement 




dayt 


Y 


In 

1 

G 

19-23 

3 

10 

0 

(( 

2 

0 

18-20 

2 

10 

0 

<( 

3 

G 

17-19 

2 

10 

2 

Iln 

4 

5 

15-20 




It 

5 

c 

14-18 

3 

10 

3 

14 

G 

6 

12-15 




ti 

7 

C 

13-15 

3 

10 

1 


8 

0 

18-21 

2 

50 

2 

II 

9 

G 

18-20 

3 

50 

3 

II 

10 

5 

11-13 




11 

11 

S 

12-15 

3 

50 


Total 

63 


21 


15 


Not supplemenleti 
with pyndoiJoe 


No of 
animols 


Ace It which 
list d»th 
occurred 
m group 


dayt 

28 

22 

20 

21 

20 

17 

17 

21 

23 

16 

17 


-.Th.,uppkm.i.t (pindoOTO l.,drotWpr,d. ,» 0 1 •! ol 

pd toll b, p,pi.= .»«d,.,d, .to “ 

observed 

1.nd enes and had conwlsions SeiPuies lacmred at sbortei and 
Lrtor interval;, Math death « “^or tanZg.tere ah .1- 

t:»r:d„«;p«raLLs.t.r;he,.to^ 

noticed .. m Table IB Mere eubiected to the standard audiW 
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the seven lemaming animals, four showed hj peractivitj' in response to the 
buzzer and three of these developed severe comnilsions approximateh 5 
minutes after bemg returned to their cages In Litter 7, auditorj^ tests 
■were given from the 10th day after birth These tests were meffective in 
producmg convulsions until after the initial sjouptoms (tremors, etc ) had 
appeared spontaneously 

No convulsive seizures were observed m any of the mothers durmg this 
time, nor was there any sign of sensitivity in the mothers durmg three 
additional sound tests given 21 days after partuntion 

It IS mterestmg to note that fewer spontaneous seizures were obsen ed 
m htters from mothers which had been mamtamed on Diet la (less thi- 
amme, nboflavm, and pantothenic acid content than m Diet Ila) These 
htters also appeared less w ell nourished than those on Diet Ila Records 
of the food mtakes of the lactating mothers receivmg Diets la and Ila 
showed great mdividual vanations, but in general there was a decreased 
consumption of food durmg the lactation penod, from an average of 21 5 
gm at partuntion to approximately 16 gm when the young were weaned 

Effect of Pyndoxine Supplements on Sound-Induced Convulsions — As 
shown m Table II, pyndoxme supplements m the amounts of 10 and 50 
y of pyndoxme hydrochlonde daily were effective m alleviating convulsions 
m eleven out of fourteen young on Diet Ila, and four out of seven on Diet 
la The convulsions stopped m most of the supplemented animals as 
suddenly as they had appeared 

To determine the contmued effect of pyndoxme on sensitivity to soimd, 
these animals were mamtamed on their respective diets and supplements 
untd they were 60 days of age From weanmg at 21 days, auditory tests 
were given eveiy other day, resultmg m a total of twenty tests for each 
animal 

The total mcidence of seizures throughout the 40 day observation penod 
is shown in Table III It is evident that, although spontaneous seizures 
were alleviated by pyndoxme, complete protection did not seem to be 
afforded agamst exposure to sound Most of these animals showed a high 
and contmued level of sound-mduced seizures wnth the comnilsive type pre- 
dommatmg Two animals on Diet Ila shownd an abrupt cessation of 
seizures and no further signs of sensitivity durmg these tests 

Incidence of Sound-Induced Seizures in Rats Maintained on Different Levels 
of Pyndoxine — In the nexi; experiment, 147 young rats from tw entj -fix e 
htters were observed dunng penods from just before weanmg to 60 to 90 
days of age The htters raised on Diets Ib, Ic, and Ilb were subnormal in 
weight and appearance at weanmg Also, weight gams of all six groups 
were subnormal durmg the experimental penods Regular auditory tests, 
given eveiy other day, xvere begun on 17 da 3 -old suckhng rats and discon- 
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tinued V lien it seemed that a stable Ie\ el of sensitivity had been reached or, 
as in those groups recemng Diets Ib and Ic, an increasmg number of deaths 
made further group comparisons difficult No spontaneous comTilsioas 
vere observed in any of these 3 oung animals, but sound-induced seizures 
were observ ed in all six groups (Table DQ The mcidence of sensitivity for 
the groups raised on Diets Ilb, lie, lid, and He is shown in Kg 1 
Significant aspects of the seizure curves of these animals include the 
lev els of sensitivitj reached, the elapsed time before maximum sensitivity 

Table 111 


Effect of Pi/ridoxinc Supplcmcnlt on Sound Induced Convulsions 


Diet No 

No of 

P) rtdoxiQc 
supple- 
ment 

Toll! 

No of 
teits 

EHecti of exposure to sound 

i 

Proportion of total 
observations 

ConvuIsKe 

seizures 

Ruonm; 
attacks : 

No 

effect 

Convulsive 
seizures i 

Ronnio; 
attacks i 

No 

effect 



n 





ftr cent 

fer ernt 

Pffuni 

la 

4 

HS 

so 

34 


19 

42 

34 

24 

lla 

4 

■9 

so 

21 


49 

2C 

13 

61 


7 

50 

140 

73 

1 40 

IS 

1 52 

35 

33 


Table TV 


Incidence and Type of Sound Induced Seizures in Groups of ]'oun{r Eats Maintained on 
Diets Containing Different Leiels of Pyndoxine 


Diet No 

PjTidoxine 
per 20 gm 
diet 

No of 
litters 

No of 
anunals 

Ateragc 
weight at ! 
21 da)*! : 

Total \o 
of scuurts 

T>T5e of sonad 
induced seizure 

CoDVuUirt 

Running 


7 



gm 


ferceni 


Ib 

25 


24 

26 

333 

31 


Ic 

SO 


18 

2S 

193 

35 

65 

lib 

25 


24 

27 

230 

48 

52 

lie 

50 


24 

31 

169 

41 

69 

lid 

100 

6 

23 

30 

99 


94 

He 

ISO 

6 

29 

30 

130 


91 


was attamed, and the seventj of attack (convulsion or hjTieractivity) 

charactenstically shown bj a group 
Three additional dailj tests were given to all the mothers be^nning 
davs after partuntion These tests revealed signs of sensitmtj (runmngl 
m onlj one animal (on Diet Ib) THe average dailj ^ood ^ 
mothers at the beginning of the lactation ^ ^ gd to 

number of individual vanations, the average daily food 
16 gm for groups on Diets Ib and Ic, 16 5 gm for ^oups on Diets lib 
IIo, and approximately 19 gm for those on Diets Ild and He 
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A high level of sensitivity developed rapidly in animals receiving Diets 
Ilb and lie The development of sensitivity m these animals followed a 
similar sequence vnth seizures at first consistmg only of short bursts of 
cucular runmng A steadily mcreasmg number of convulsions emphasized 
the mcreasmg seventy of the attacks This trend was well illustrated by 
the results of the last three tests given to those animals on Diet lib All the 
seizures observed durmg these tnals were severe convulsive attacks 
The course of sensitivity observed m the above groups contrasts with that 
for animals receivmg Diets Ib and Ic It will be recalled that the latter 
diets mcluded lower levels of thiamme, nboflavm, and pantothemc acid but 
the same levels of p 3 ndoxme supphed by Diets lib and lie Along with a 
less satisfactory gam m weight and general appearance, seizures m the 



Fig 1 Incidence of sound induced seizures 


animals receivmg Diets Ib and Ic tended to be less severe, with runnmg 
attacks predommatmg When the highest level of sensitivity for a smgle 
day on Diet Ib was 66 per cent of the total number of animals, a higher per- 
centage (79 per cent) of the twenty-four animals m the group showed seiz- 
ures at some time durmg the experimental period An mcreasmg number 
of deaths from undetermmed causes occurred m these two groups durmg the 
latter part of the testmg penod 

In groups receivmg Diets lid and lie (higher levels of pyndoxme) sensi- 
tivity was delayed for sigmficantly longer periods of time Verj’’ few con- 
vulsions w^ere noted (Table IV) and the attacks consisted onlj^ of short 
bursts of nmnmg In tw'o of the htters mamtamed on Diet lie, there w ere 
three animals which show ed scattered signs of sensitivity The htters were 
from females which had produced convulsive 3 ’'oung at an earher breedmg 
(Litters 4 and 5) when mamtamed on pyndo\ine-free Diet Ila 
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DISCUSSION 

The spontaneous seizures obsen ed dunng the course of these expenments 
seemed identical inth the commlsive sjunptoms previous!}' found by 
Daniel, Idine, and Tolle (6) to be associated with p}Tidoxme deficiency 
In addition, it appears that the sound-induced convuilsive seizures found 
associated with valuing dietary levels of pjTidoxme are identical with 
those dcscnbed in previous studies by Patton, IQirn, and ICing (32-34) 
A continuum of sensitivit} rangmg from spontaneous and eventually fatal 
seizures through a subacute convmlsiv e state easily precipitated b} sound 
has thus been found to be correlated with increasing levels of p}’ndoxine 

The present experimental findings seem to indicate that such an obsen ed 
correlation does not necessarily imply a direct cause and effect relationship 
In our first expenments, it w as found that, w hen Diets la and Ila w ere sup- 
plemented with p}'ndoxme, the acute sviiiptoms (spontaneous convulsions) 
rapidly disappeared and most of the } oung animals surviv ed In the 
second experiment, however, it appeared that such supplements given after 
the acute symptoms had begun were not effective m provudmg continued 
protection against exposure to sound ' Later, the results agam indicated a 
high degree of sensitivntv to be associated with low levels of pyndoxme A 
steadily increasing seventj of attack was noted in ammals recemng Diets 
Ib and Ilb With higher lev els of p}’ndo\ine a greater degree of protection 
was afforded However, even in animals receiving Diets Ild and lie, 
sound-induced seizures did appear, although they were delayed and con- 
sistently less sev ere 

1 here is thus some indication that dietar} factors other than a specific 
deficiencv of pvndoxiiie alone may be of importance m the etiolog} of the 
seizures Other necessarv food constituents may not have been present m 
optimum amounts in the svmthetic diets used or their functions may hav’e 
been impaired b} the low ei levels of pjTidoxine intake 

Stnkmglj similar convailsiv e seizures hav'e been found to be associated 
with magnesium deficiency (15, 16, 20, 37) The extreme v'asodilatation of 
the exposed bod} surfaces which was found to be comcident with hypenr- 
ntabiht} and convulsions in magnesium-deficient rats has not been observed 
in an} of our animals It is of interest for the present problem, however. 


* There IS the possibility that certain irreparable damage had resulted from the 
low level of pj ndoxine intake or from the seizures themselv es These young ammab 
m convulsion w ore frequcntlj observed to be cj anot.e The arrest of breathing and 
symptoms of oxygen lack are well kmown in older susceptible animals (9, 30) iaere 
IS ewdenco in the literature (13, 36, 38) that irreversible and summated damage to 
the central nervous system results in experimental 

short penodB of anoxia Additional expenmental work on the relation of oxygen lack 
to the seizures seems indicated 
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that theie i= evidence (14) of a S3 nergistic relation betv een a lack of mag- 
nesium and a lack of cei tain membere of the vitaimn B complex 

Recent studies of sound-induced seizuies have emphasized the ph3sio- 
logical aspects of the problem Evidence has been presented concermng 
autonomic discharge (1, 9, 17, 18, 21, 24, 25, 30), blood changes follovang 
seizures (5), and the action of drugs in alleviating seizures (4, 17) Fains 
and Yeakel (7, 8) and Finger (10) have obsen^ed that age seems to be coi- 
related vith sensitu it3 ® Lmdsley, Finger, and Henry (21) found phases of 
the attack to be associated mth abnormalities of the electroencephalogram 
similar to those obsen ed dunng the epileptic seizure 

Apparently, a finel} balanced mechamsm is represented by the seizure 
threshold which ma3 be mfluenced by a number of factors It is to be ex- 
pected that differences in the testmg environment such as vanations m the 
ti-pe of auditoiy stimulation or conflict-producing situations would be cap- 
able of modif3ang the susceptibility of an expenmental ammal The results 
of the present expenments mdicate that before these effects may be properl3 
interpreted, the basic phi siological factors underl3rmg the seizures must be 
moie full}’’ miestigated There is also the indication that the lesults of 
these expenments mai’ be applicable to the early detection and evaluation 
of margmal deficiencies vhen ph5’siological injur}’ has occurred without 
external endence of malnutntion Such studies offer a new appioach to 
an understanding of the mechanism of convulsive seizures 

SUMMART 

Spontaneous convulsive seizures hai e been observed m young rats suck- 
ling fiom mothers mamtamed since partuntion on s}Tithetic diets deficient 
m p}Tidoxme but supplemented ivith thiamine, nboflann, pantothemc 
acid, and cholme Such symptoms vhich appeared towards the end ot 
lactation could be quickly alienated by the administration of pyndoxme in 
amounts as low as 10 7 per day However, neither 10 nor 50 7 of p}n- 
doxme per da} gave continued protection against similar connilsive seiz- 

‘ Eecent studies (26, 35) appear to have demonstrated that the intestinal flora of 
the rat is capable of synthesizing in varying degrees many vitamins in the B com- 
plex It IS of interest that the cecum of young rats (where such bactenal sj nthesis 
18 thought to occur) does not reach its maximum capacitv until after the rat has 
passed 100 gm in weight At weamng, the cecum is only one fourth as large relativ e 
to the digestive tract as it is in the adult animal In the opimon of the abo\ e in- 
vestigators this may account for the well recognized fact that rats at this stage are 
less resistant to some vitamin deficiencies than they are later Coupled with the 
added requirements during a period of active growth, these facts may have a bearing 
on the above findings of Farns and Yeahel that there is a high incidence of seizures 
in young ammals and that such susceptibilitv decreases with advancing age 
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ures -which regularly appeared when these animals -were given standard 
auditory tests over a 40 day penod 
When pyndo-yne was included in the mother’s diet at levels varying 
from 25 to 150 y per day, no spontaneous seizures were observed m the 
young However, a high incidence of sound-induced con-vulsive seizures 
was found when these joung animals were given regular auditory tests 
from weaning at 21 days until they were from 45 to 90 days of age No 
level of pyndoxine, from 25 7 to approximately 150 7 per day, was sufBcient 
to afford continued protection from sound-induced seizures, but with higher 
levels of pyndo-xme, the seizures were both delayed and less severe 
These experiments appear to have demonstrated a correlation between 
the degree of pyndo-xine deficiency and susceptibility to seizures How- 
over, in "View of the relatively large amounts of pyndo-ane required to 
obtain a reduced sensitivity, it is possible that another dietary factor or 
factors in addition to pyndoxine may be of importance in the etiology of 
the seizures 
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THE AMINO ACID REQUIREMENTS OF LACTOBACILLUS 
ARABINOSUS 17-5 
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Relatively little is knoivn of the amino acid requirement of the lactic 
acid bactena Three species of heterofermentative lactic acid bacteria 
were studied by Wood, Geiger, and Workman (1), and data are available 
for LactohaciWus casei (2), Streptococcus lacks R (3), and Lactobacillus 
arabinosus 17-5 (4, 5) All of these species require from eight to ten ammo 
acids, but little is knowm of the specificity of these requirements 

The ammo acid requirements of Lactobacillus arabinosus 17-5* have been 
mvestigated to extend our know'Iedge of the ammo acid reqmrements of the 
lactic acid bacteria, and to study the possibihty of usmg microbiological 
methods for the determmation of ammo acids 

EXPERIMENTAL 

The basal medium used m these studies was similar to that of Snell and 
Wnght (6), with the followmg changes The casern hydrolysate, trypto- 
phane, and cystme were replaced by an appropriate mixture of ammo acids 
and 0 3 per cent ammomum sulfate The glucose and sodium acetate 
concentrations were raised to 1 75 and 0 875 per cent respectively Gua- 
nme hydrochlonde, adenme sulfate, \anthme, and uracil were added to 
supply 4 parts per milli on and aU of the vitamms mcludmg p-ammobenzoic 
acid but not biotm were raised to 0 4 part per milhon It w as thought 
desirable to add an a mm onium salt to the medium, smce Frantz (7) has 
showm that the ammo acid requirements of the memngococcus are much 
simpler m the presence of added ammomum salts 

The ordmary procedures used m microbiological assays were followed 
(2, 6) The rate of growth was follow ed by titratmg the lactic acid formed 
and also by determmmg turbidities at mtervals m the Coleman spectro- 
photometer set at 580 my. The total volume of the medium used, how - 
ever, was only 6 cc per tube instead of the usual 10 cc and titrations w ere 
made with 0 05 N sodium hydroxide after a smtable penod of growth 

Results 

A mixture of 0 5 mg of each of nmeteen ammo acids per tube produced 
rapid growth These were ehmmated one by one from the mixture with 

* Obtained from the American Tj pe Culture Collection 
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the results shoun in Table I Growth failed when arginine, cysiine, gluta- 
mic acid, tsolcucine, leucine, methionine, phenylalanine, tryptophane, tyrosine, 
or lalinc was omitted from the medium Aspartic acid, alamne, lysine, 
and threonme appeared to be stimulatory , w hile histidme, serine, hj drovj - 
prohne, prolme, and norleucme appeared to hai e httle or no effect The 
last three were later omitted from the ammo acid nuxture When it be- 
came clear that the requirement for glutamic acid was high, the level of 
this ammo acid u as changed to 1 5 mg per tube This raised the maximum 
titration to about 14 ce 

Rather evtensii e studies to detemune the mmunum ammo acid require- 
ment showed that growth did not occur in a mixture of only the ten ammo 


Table I 


EJftei of OmtUtng Indiiidual 4fnfnc Acids* from Basal Medium 


Anino tcid crmttled 

005 s 
acid per 
tube 

Ammo acid emitted 

OOSs 
acid per 
tube 

i(+)-Arginmc monohj drochlondc 

(C 

I 2 

1(+) Ljame monoby drochlondc 

a 

6 55 

dl Aapnrtic acid 

7 7 

dl Mcthiomne 

llil 

dl Alamne 

6 G 

dl Xorleucme 

8 SO 

1(“) Cjatine 

1 2 

dl Phenj lalamnc 

1 80 

l(+) Glutamic acid 

0 8 

Z(— ) Prohne 

89 

!(+) Hiatidinc monohjdro 


dZ-Senne 

8 45 

chloride 

8 C5 

dl Threonine 

2 4 

1 (— ) -H> droxj prol 1 ne 

i 9 75 

Z(— ) Tr^-plophane 

0 8 

dl laoleucmc 

0 8 

Z(— ) Tjrosme 

1 2 

Z(— ) Leucine 

1 25 

dZ-Vahne 

0 7o 


• All the ammo acids were purchased from Merck and Companj, Inc , Rahiva}, 
Kew Jersej 


acids shown to be essential for tbs organism With a basal medium con- 
tammg 0 5 mg of each of these ten ammo acids per tube further additions 
of ammo acids w ere made v, ith the follow mg results Aspartic acid allow ed 
about three-quarters of mavimum growih and by the further additio^f 
threonine and lysine practically maximum growth was obtamed The 
addition of threomne only allowed a small amount of growth wbch, how- 
ever could not bo subcultured Tlireonme and ly’sme gaxe somewtot 
better growth but still considerably less than that obtamed with aspartw 
acid alone Lysine and aspartic acid gaxe no more growdih than was o 
tamed with aspartic acid alone Regardless of the combination » “ 
acids added, growih failed when both threonme and aspartic acid 

® b.ve .«n..3 »P.rted 
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threonine and lysine were essential amino acids for Lactobacillus ardbinosus 
17-5, these were remvestigated A 24 hour culture was washed three tunes 
with sterile saline accordmg to the usual technique After each suspension 
was made, 1 cc was removed and diluted 10 times and seeded mto a senes 
of tubes containmg lysme- or threomne-deficient media and graded amounts 
of these ammo acids The spectrophotometer readmgs at different tunes 
on the tubes moculated with cells washed three tunes are shown m Table IT 
Although there appeared to be a graded response to vanous levels of thre- 
onme and lysme durmg the early part of the growth penod, fauly good 
growth finally occurred m all of the tubes regardless of the level of threonme 
or lysme Washmg the cells actually appeared to stimulate growth rather 
than decrease it, as would have been expected had an essential nutnent 


Table II 

Speclrophotometer Readings (in Per Cent Transmtssum) Taken at Intervals at 
Various Levels of Threonine and Lysine 


The basal medium contained all the ammo acids except threomne or lysine 


* Tunc 

dl Threonine added per tube 

t Lyabe added per tube 

Ot 

20r 

40 Y 

150 y 

o-r 

«T 

50y 

100 y 

krt 









IS 

90 

88 

87 

78 

78 

73 

72 

68 

20 

86 

76 

72 

39 

31 

36 

35 

19 

38 

36 

25 

21 

11 

10 

10 

10 5 

10 6 

44 

20 

18 

14 

9 





86 

11 

10 

10 

9 






been removed by washmg It is of mterest to note that these studies were 
made after the ammo acid composition had been changed as descnbed above 
and much better growth was obtamed on the deficient medium than is 
reported m Table I 

Considerable study was made of the effect of histidme, alanme, and 
serme m vanous combmations added to a medium containmg the essential 
ammo acids and aspartic acid, threonme and lysme, and the latter ammo 
acids m vanous combmations No clear cut evidence for a requirement of 
histidme, alanme, or senne has been obtamed 

The quantitative requirement of all of the ammo acids essential for this 
organism have been deterimned by addmg graded amoimts to a medium 
deficient only m the amino acid under mvestigation Typical curves, such 
as are found m vitamm assays, were reahzed with cystme, tiyptophane, 
phenylalanme, vahne, isoleucme, and leucme Certam mconsistencies were 
observed m the responses to methioiune, argmme, tyrosme, and glutamic 
acid These latter four have been mvestigated further and will be reported 
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m detail later The quantitative requirements for the vanous essential 
ammo acids are m the range reported by Shankman (5) 

Prehminarj'^ studies of the use of the microbiological assay method for 
protein analysis are reported here for leucme, phenylalamne, and vahne in 
casern and edestm, since they are suggestive of the results uhich can be 
obtained inth the present method The casern and edestm used for 
analysis Mere kmdly supplied by Dr H B Vicker} The hydrolysates 
Mere prepared by adding 0 5 gm of the protem to 25 ec of 6 n HCl and 
refluxing for 24 hours The hydroly’sates m ere then taken to near diyness 
repeatedly m vacuo, and finally neutralized, made to a giien volume, pre- 

Tadle III 


Comparison of Aclnitij of dl and d Valtnc 


dl Valine per tube 

d \ftttae per tube 

0 OS V acid per lube 

V 

7 

cr 

0 


0 s 

5 


1 1 

10 


1 76 

15 


2 25 

20 


2 05 

30 


4 30 

45 


6 10 

70 


« 20 

100 


d 82 


10 

0 4 


50 

0 4 


100 

0 4 


150 

0 4 

30 

50 

4 25 

30 

100 

4 20 

30 

150 

4 30 


served by a layer of benzene, and kept in the ice box These preparations 
Mere added in graded amounts to tubes containmg all of the ammo acids 
except the one under mvestigation and compared to a ':et of standard tubes 
after a suitable penod of growth Both spectrophotometer readmgs and 
acid titrations have been made Titration usualb giv^es more consistent 
results 

Valine — Typical values for dl-vahne and those obtained Mith a-v aline 
and graded levels of d-vahne plus 30 y of df-vahne are shoM-n m Table III 
It IS apparent that d-\ aline is completely inactive and furthermore does not 
inhibit the response of dl-vahne in the range tested Thus only l(+ )-valine 
is active All results have been calculated on the basis that d/-valine is 5 
per cent as active as the naturally occurnng ammo acid 
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Analytical results foi an assay of the vahne content of casern and edestin 
are shomi m Table IV These data are not selected but represent one of a 
senes of assays As in all biological tests, considerable i anation may be 
expected, but it would appear that the results of a reasonable numbei of 
tubes are as rehable as the vitamm assays m common use It has been 
observed that m the tubes contammg protem hj’^drolysates groivth is 
mitiated somew hat sooner and reaches its maximum before those contammg 
only dl-valme Smce recovery of added valme is usually satisfactory, this 
effect ma3' be similar to that obsen^ed bj^ Feeney and Strong (8) inth 


Table IV 


Valine Content of Edestin and Casein 



Protein 

added 

per 

tube 

/ Val 
me 
added 

OOSn 
acid 
titra 
tioD per 
tube 

1 

/ Valinct 

Valme 

content 

Aver- 

age 

Valmet 
added 
as pro- 
tein 

\dded \ aline 
recovered 

A>er 

age 


— 

y 

cc 

y 

Per cent 

per cent 

y 

1 

percent 

per cent 

Edestin 


! 

2 75 

9 3 

4 65 







EISI 


3 95 

13 8 

4 62 







0 40 


5 40 

19 3 

4 87 

4 70 






0 20 

5 

4 00 

14 05 



9 4 

4 55 

91 



0 30 

5 

5 30 

19 00 



14 10 

113 

98 

94 5 

Casein 

0 2 


2 90 

9 9 

4 94 







0 25 


3 45 

12 0 

4 79 


1 





0 3 


4 05 

14 25 

4 75 







0 4 


5 55 

20 00 

5 00 

4 88 






0 2 

5 

3 95 

13 9 



9 76 

4 14 

82 8 



0 25 

5 

4 90 

17 4 



mvvjm 


104 0 



0 3 

5 

5 70 

20 5 



14 65 1 

5 85 1 

117 0 

101 


* Added as dl valine 

t Determined from a standard curve with dl valine 
t Calculated from the average in the previous column 


glutarmne m pantothemc acid assays, when early grovth was stimulated 
but the total amount of groivth was unaffected 

Leucine — Leucme assays have been generally satisfactorj with recovery 
values well withm the range expected Pure d-leucme has not j'et been 
tested for activity and the sample of dl-leucme available appears to be 
somewhat less than half as active as the I form This effect is being 
mvestigated 

Phenylalanine — The values for phenylalanme have been calculated on 
the basis that only the I form is actix e, although this has not been tested by 
actual assay 

Leucine, Valine, and Phenylalanine Content of Casein and Edestin The 
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combined data from several assays for these ammo acids are shown m 
Table V together -with the per cent recoveries obtained by addmg known 
amounts of the ammo acid m question Values from the literature are also 
given for companson No attempt has been made to select the data and 
these results probably represent the extreme variation that may be ex- 
pected by the methods as presented 

Table V 

Leucine, Phenylalanine, and Valine Content of Caxetn and Edeslin As Determined 
by Mierobtologieal Method 

In the assays for phenylalanine and valine, the dl acid was used as a standard 
but the results are calculated on the basis that these arc only half as active as the 
naturally occurring form This has been proved bj actual assay for valine but not 
for phenylalanine f(-l-)-Lcucine (Merck) was used as the standard for the leucine 
assays 


Aatno ac!d 


Edeslin 

Deter- 

mlocd 

amino 

aad 

costcoC 

Recot err of 
mddea 
ammo acid 

Vafaes from 
Iiterattirc aad 
btbiiographic 
reference No 

Deter 

mined 

ammo 

aad 

content 

Recovery of 
added 
ammo aad 

Vafaes from 
literature and 
bibliographic 
reference No 

Range 
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Aver- 
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per etnt 



ptrctnt 




pet cent 

Lcucino 

7 30 


105 

14 8 (9) 

5 45 

104-112 

107 



1 

1 1 


9 7 (10) 






7 35 



7 92 (11) 

5 62 








9 35 (12) 






8 10 

90-115 

103 

10 5 (13) 

5 14 





6 70 








Phenyl- 

3 70 

74-110 

92 5 

5 8 (9) 

4 02 

82-112 


3 09 (14) 

alanine 




3 88 (10) 









3 2 (13) 

4 36 




Valine 

6 20 

89- 97 

93 

6 2 (9) 

4 73 

87-100 

94 

6 3 (16) 





7 93 (10) 






4 87 

83-117 

101 

7 20 (16) 

4 70 

93- 98 

95 5 



DISCUSSION 

Kuiken et al (4) and Shankman (5) have reported that threonme and 
lysme are essential ammo acids for Ladobacillus arabtnosus 17-5 We have 
been unable to show that these are required On the other hand, under our 
conditions, argmme, methiomne, tjTOsme, and phenylalanme were neces- 
sary Kuiken el al did pot mclude the first three m their list of essen la 
ammo acids for this organism Shankman reported that “ 

phenylalanme were required on one medium but was unable to 

when n dJe™. eombmafon of an.mn w.s need m 

the basal medium 
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It IS possible, or even probable, that the nutritional requirements of 
Lacldbacillus ardbinosus cultivated m various laboratories may be different 
However, close attention must also be paid to the constituents m the basal 
medium In addition to the observation of Shankman concerning phenyl- 
alanme and tyrosme, Snell and Guirard (3) have shown that glycme, 
/3-alamne, senne, and threonme are actually to\ic to Streptococcus lachs m 
the presence of limiting amounts of alanine Similar relationships for other 
ammo acids have been reported by Gladstone (17), and Hutchmgs and 
Peterson (2) found that certam ammo acids nere mhibitory for Lacto- 
hacillus casei If such relationships are general at the lev els of ammo acids 
used, the term “essential ammo acid” may have significance onlv m relation 
to the composition of the basal medium 

The results reported m this paper together with other favorable reports 
on the microbiological determmation of ammo acids (4, 18) suggest that 
these Imiitations may not be too serious It is apparent, howeier, that 
the critical range is qmte limited m most assays Values read from a posi- 
tion too high or too low on the standard curve often show considerable 
divergence from those obtamed m the medial portion Such limitations 
are also usually apparent m other microbiological assays 

SmiMAET 

1 The smgle omission of argmme, cystme, glutamic acid, isoleucme, 
leucme, methionme, phenylalanme, tryptophane, tyrosine, or vahne from 
an adequate medium contammg nmeteen ammo acids pre\ ents the growth 
of Lactobaallus arabinosus However, a murture of only these ten ammo 
acids is not adequate for growth The further addition of aspartic acid 
allows growth, but threonme, Ijsme, and aspartic acid are required m addi- 
tion to the above ten ammo acids for good growth 

2 The results of nucrobiological assajs of casein and edestm for leucme, 
valme, and phenylalanme are reported 
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:\rEASUIlEMENT OF THIOUREA IN ULTRAFILTRATE OF SERUM 

By THADDEUS S DANOWSKI 

{From the Department of Internal Medicine, Yale University 
School of Medicine, Mew Haven) 

(Received for publication, October 21, 1943) 

It has been suggested that thiourea, hke urea, diffuses throughout all of 
the Mater m the bodj’’ (1, 2) ’ If thiourea does permeate uniformly aU 
Mater compartments and is not formed or destroyed in the body, it Mould 
fulfil the critena of Winkler and Smith (3) as a measure of total body Mater 
HoM'ever, the ingestion oi injection of large amounts of thiourea (6 to 10 
gm ) produces malaise, nausea, and vomiting (1) Attempts to use less 
have been hmdered by the lack of a procedure for the measurement of low 
concentrations of thiouiea in serum The use of protem-free filtrates, such 
as those obtained ivith the Somogyi procedure, tnchloroacetic acid, or 
acetone, does not solve the problem In the preparation of such filtrates 
the thiourea is diluted to very Iom concentrations, and substances are added 
Mhich mterfere M’lth color reactions and titration procedures 

In this paper a method is descnbed for the measurement of thiourea in 
the ultrafiltrate of serum m concentrations of 0 to 10 mg per cent It is 
based upon Nicholes’ (4) use of the color reaction descnbed by Grote (5) 
in Mhich a specially prepared reagent reacts with the (>=S portion of the 
thiourea molecule Since thiourea is destroyed by direct contact with 
mercury, the Lavietes’ capsule (6) cannot be used to produce the ultra- 
filtrate Hence a closed system Mith mtrogen under pressure has been 
employed for the formation of ultrafiltrate of serum With feM adapta- 
tions the same method has been used for the measurement of thiourea m 
unne and in aqueous solutions 

Procedure for Analysts of Serum 

Ultrafiltration of Serum — A i olume of blood sufficient to jneld 7 to 10 cc 
of serum is Muthdrawn under oil The serum is introduced bj capillary 
pipette into cellophane cylinders The cj'hnders are then incorporated into 
a system containing nitrogen under a pressure of 15 cm of mercurj and 
placed in stoppered tubes (Fig 1) This pressure is maintained for 24 
to 48 hours at temperatures of 6-10° The refngeration suppresses bac- 
terial growth which makes the ultrafiltrate opalescent The ultrafiltrate 
which forms on the outer surface of the cellophane is collected in the tube 
as 4 to 5 cc of clear, colorless fluid This fluid contams, m addition to the 

’ Lavietes, P H , unpublished studies 
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ultrafiltrable solutes of serum, the thiourea mjected mto the >innT%al or 
added to the serum pnor to ultrafiltration 

Grate’s Reagent - — 0 5 gm of sodium mtroferncjanide is dissolved in 
lOOcc of distilled Mater at room temperature To this solution 0 5 gm 
of hydroxylamme hydrochlonde is added, foUoived by 1 0 gm of sodium 
bicarbonate When the evolution of carbon dioxide ceases, 10 small drops 
of bromme are added A second evolution of gas occurs When agitabon 
no longer produces efferv escence, the mahogany-brown solution is filtered 
mto a 25 cc volumetric flask and made up to volume with distilled vater 
This Grote’s reagent is diluted just before use bj the addition of 4 parts of 
Mater 

Dilute Grote’s reagent, even in the absence of thiourea, has a variable 
but significant amount of color, Mhich absorbs hght of the same wave-length 



Fio 1 Closed Bjstcm of glass and cellophane used to form the ultrafiltrate of 
serum 


as that produced by its reaction Mith thiourea The addition to this 
reagent of an ultrafiltrate knoM-n to be free from thiourea further increases 
the absorption of hght Studies were conducted Mith a common Grotes 
reagent and ultrafiltrates from seven patients and fiv e dogs in fastmg and 
non-fasting states Provided that renal msufficiencj , as manifested by an 
elevated non-protem mtrogen of the blood, was not present, the effect o 
the ultrafiltrate upon the amount of hght absorbed is constant for as long 
as 49 dajs However, smee the color due to the Grote's reagent iL 
vanes, the color of a mixture of Grote’s reagent and ultrafiltrate Mas no 
constant in duplicate studies This does not mv ahdate the metho , smre 
the factors responsible for this v anation are present in both the stan a 
and unknown solutions and affect the color of each to the same e^ 
It does necessitate, hoMever, the construction of fresh standards or 
group of determinations 
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Standard Solutions — Thiourea” is recrystalhzed twice from water at a 
temperature no higher than 40°, and washed with alcohol and ether It is 
then dried to constant weight m a desiccator and known solutions made 
which contam 3 0, 5 0, 6 0, and 8 0 mg per cent of thiourea Standards are 
then prepared with two or more of these solutions To 9 0 cc of distilled 
water in a colonmeter tube 1 0 cc of ultrafiltrate of serum obtamed pnor 
to mjection of thiourea is added, followed by 1 0 cc of the known thiourea 
solution and 1 0 cc of diluted Grote’s reagent This sequence must be 
followed, since the mixture of undiluted ultrafiltrate with Grote’s reagent 
yields a less intense color The tubes are then inverted several times and 
allowed to stand at room temperature Withm a few imnutes a green, 
green-blue, or blue color develops with a maximum absorption of hght of a 
wave-length of 560 to 610 ft (4) At the end of 60 minutes the hght ab- 
sorption of these standards is compared m an Eveljm colonmeter (aperture 
10, Filter 565) with a control made ivithout thiourea The results are 
plotted semiloganthmically A straight hne is obtained even when four 
different concentrations of thiourea are used The inchnation of this hne, 
however, vanes, and an extension of the hne does not pass mvanably 
through the ongm 

In the absence of renal insufficiency with azotemia, ultrafiltrate obtamed 
from any serum can be used m the standards Otherwise the ultrafiltrate 
obtamed from the particular subject under study, pnor to the admimstra- 
tion of thiourea, must be used 

Unknovm Solutions — ^The procedure with ultrafiltrate w hich contains an 
unknown amount of thiourea is identical with that followed m the prep- 
aration of standards, save that the ultrafiltrate is added to 10 0 rather 
than 9 0 cc of water Duphcate samples should give readings at 1 hour 
which differ by no more than a half division on the galvanometer scale, 
equivalent to 0 1 mg per cent, or less The concentration of thiourea m 
the unknowm solution can then be read from the graph based upon standards 
prepared simultaneously with the unknown solutions 

Modification for Analysis of Unne 

The procedure for the measurement of thiourea in unne differs in mmor 
respects from that employed with ultrafiltrate 2 0 or 4 0 cc of unne are 
diluted with water to 100 cc in a volumetnc flask 1 0 cc of this diluted 
urme is mixed with 10 0 cc of water and 1 0 cc of Grote’s reagent Two 
or more standards are prepared from known solutions, water, and Grote’s 
reagent In contrast to the procedure with ultrafiltrate the sequence of 
addition is unimportant, and the green-blue color, once dei eloped, is stable 

* Obtained from the Eastman Kodak Compan\ 
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for at least 21 hours at room temperature Hence it is not necessary that 
these solutions be read at exactly 1 hour No unne blank is necessary 
since dilution results in a zero value 

Characiensitcs of Color 

A blue color with maximum absorption of light m the 560 to 610 n band 
develops following the addition of Grote’s reagent to a solution of thiourea 
Since the reagent is yellow m color, loiv concentrations of thiourea pro- 
duce a green tint This reaches maximum intensity m 10 to 20 minutes 
In aqueous or saline solutions the color is stable for as long as 21 hours at 
room temperature This is also true of solutions made vith diluted unne 
contaimng thiourea 

In ultrafiltrate solutions, however, the color development is not as pro- 
nounced, and detenoration begms once it has reached maximum mtensity 
At room temperatures vath diluted ultrafiltrate this detenoration is so slow 
that it IS perceptible only m readmgs taken at 20 minute mtervals De 
tenoration can be accelerated by mixing Grote’s reagent with undiluted 
ultrafiltrate An mcrease m the temperature of the solution smularly 
hastens fadmg Decrease of the temperature to 6-10° fixes the color for 
as long as 55 hours 

Identification was attempted of the factor or factors m the ultrafiltrate 
which make the color unstable To aqueous solutions of thiourea sodium 
’i mde, sodium bicarbonate^glucose, and urea were added m physiologi 
amounts None of these procedures conferred upon the aqueous 
I uon the lability characteristic of the ultrafiltrate mixtures 
Repeated careful attempts to obtam a hne graph of thestandard solutions 
which could be duphcated mvanably were unsuccessful This was true 
even though the chemicals used m Grote’s leagent were neighed to 0 5 mg 
per cent Use of either the ongmal or freshly made Grote’s reagent m 
successive determmations did not ehmmate this vanabihty Exact dup 
phcation of time consumed m mixmg the solutions produced no significant 
effect Storage of the solution at refngerator temperatures stabihzed the 
color once it reached maximum mtensity but did not yield identical curves 
At tunes an opalescent turbidity develops in the ultrafiltrate This is 
the result of bactenal growth It is undesuable, since it yields a false 
colonmetnc readmg The frequency of this occurrence can be decreased by 
analysis of the ultrafiltrate soon aftei it is formed, or by storage at low 
temperatures Attempts to prevent multiphcation of the bactena by the 
use of sodium cyamde or so^um sulfamerazme changed sigmficantly the 
intensity of the color and the value of the control solution 

Sulfocyanate in concentrations of 4 to 10 mg per cent does not interfere 
with the formation of color due to thiourea The reverse, however, is no 
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true, if sulfocyanate is measured in serum A false lugh concentration of 
color IS obtained This difficulty can be circumvented by analysis of the 
ultrafiltrate rather than of the serum Hence, if use of both procedures is 
contemplated m the same animal, the sulfocyanate study should precede 
the thiourea, or the serum should be ultrafiltered ’ 

Recovery of Thiourea from Ultrafiltrate of Serum 

8 0 cc ahquots of 3, 5, and 8 mg per cent solutions of thiourea i\ere 
dned in duphcate at 37° during a period of 6 days The residue was then 
made up to its ongmal volume with serum and subjected to ultrafiltration 
m the manner descnbed The amount of thiourea in the ultrafiltrates was 
then compared with control solutions which had been subjected to an 
identical procedure, e\cept that thiourea was added to the formed ultra- 
filtrate 

In SL\ expenments of this type recovery of added thiourea was possible 
within the 0 1 mg per cent limitation of the method 

SUMMARY 

A colonmetnc method is presented foi the measurement of thiourea in 
concentrations of 0 to 10 mg per cent m the ultrafiltrate of senun, m urme, 
and m aqueous solutions A system is descnbed foi the production of an 
ultrafiltrate of serum by mtrogen under pressure ivith cellophane cyhnders 
Factors are discussed which affect the color produced by Grote’s reagent 
m the presence of thiourea Recovery of known solutions of thiourea added 
to serum and subjected to ultrafiltration was possible wuthin 0 1 mg per 
cent 
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USE OF THIOUREA AS A MEASURE OF CHANGE IN BODY 

WATER 

Br THADDEUS S DANOWSKI 

(From the Department of Internal Medicine, Yale University 
School of Medicine, New Haven) 

(Received for publication, October 21, 1943) 

During a senes of evpenments m this laboratory on the effect of water 
and food depnvation in dogs,^ the possible use of thiourea as an index 
of total body water was investigated Mongrel female dogs, 6 to 10 kilos 
in weight, were depnved entirely or partially of food or water, or both, for 
6 to 29 days During these mtervals the animals invanably lost weight 
The loss of water which contnbuted to the total decrease in body weight 
was calculated from metabohc balance studies These results were then 
compared with changes in the apparent volume of distnbution of thiourea 

Procedure 

At the begmmng and end of each penod of depnvation the volume of 
distnbution of thiourea was determined in the followmg manner The 
animals were cathetenzed and weighed accurately Blood was withdrawn 
for the preparation of a control solution and for the detemunation of the 
non-protein mtrogen The dogs were then injected intravenously, b5’^ 
means of a cahbrated 10 cc synnge, with 5 0 cc of a 10 per cent solution of 
reciystalhzed thiourea m normal sahne After 2 hours another sample 
of blood was obtamed, the cathetenzation repeated, and the bladder washed 
twice with 10 cc of water 

The concentration of thiourea in the ultrafiltrate of the serum and m the 
urine after 2 hours w as determined by the method descnbed m the preceding 
paper (1) The apparent volume of fluid through which the thiourea dif- 
fused w'as calculated from the usual formula 

T. 

m which T refers to thiourea, and the subscripts i and ii indicate, respec- 
tively, the amount m mg mjected and excreted, s refers to the concentra- 
tion m serum in mg per cent 

This procedure 3aelded an apparent volume of distnbution at the start 
and end of each penod In the depnvation expenments the weight decline 

1 Danowski, T S , Elkinton, J R , and Winkler, A W , unpublished studies 
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was fractionated by means of metabobc studies mto water and solids lost 
Durmg the convalescent penod, however, metabohc studies were not at- 
tempted, and hence the total weight gam rather than the change in body 
water itself was employed as an approximate check upon thiourea as a 
measure of body water 


Results 

Control Studies — Table I hsts the results of ten thiourea distnbution 
studies m four dogs Six of these consist of two groups of three studies 
each m the same dogs. Nos 36 and 37 The mterval between studies 
varied from 3 to 9 days Dunng these penods the animals were fed ade- 
quately and offered water in sufficient amounts Their weights, accurately 
determmed at the time of the distribution studies, changed shghtly from 
time to time It is evident, however, that even these slight fluctuations 
m IV eight were reflected by a change m the apparent volume through which 
thiourea was distnbuted 

Studies of Change in Total Water — ^In Table II the results of twenty-three 
distnbution studies m six dogs are recorded, with the successive changes 
m the apparent volume of distnbution of thiourea In eleven instances 
the fraction of the total weight loss due to a decrease m body water has been 
calculated from metabohc studies accordmg to Lavietes’ modification (2) 
of Newburgh's method (3) as used by Elkinton and Taffel (4) m dog studies 
In each of these eleven pairs the algebraic sign of the change m the volume 
of water is the same, and a close quantitative correlation is evident The 
results by the two methods do not differ from one another by more than 
4 per cent of the animal’s weight In three instances they do not differ 
by more than 1 per cent 

Recovery of Thiourea — Four attempts were made to recover the thiourea 
mjected (Table I) Analyses were made of the unne and the wash fluid 
from the bladder obtained after 2 hours, and of the unne collected during 
the next 3 days m a metabolism cage The recovery of the mjected thiourea 
vaned from 50 to 82 per cent Analj^is of the fluid with which the floor 
of the metabohsm cage was nnsed added but 5 to 8 mg to the amount recov- 
ered Analyses of pooled unne comcided with the results of exammations 
of separate daily specimens Prolongation of the unne collection through 
the 9th day did not increase the percentage recovered The stools were 
not analyzed for thiourea 

Toxicity of Thiourea — ^Nicolas and Lebduska (5) reported that 10 gm 
of thiourea per kilo of body weight w'ere fatal to dogs within 4 hours 
Intravascular hemolysis occurred, and the animals died of respira ory 
failure following convulsions Hemorrhages were present m the intes ina 
wall at autopsy The intravenous solutions which they admmis re , 
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Table I 


Apparent Volume of DislrthuUon of Thiourea 


Dog No 

Time 

Weight 

Volume of 
distnbutioD 

A weight 

A water by 

A volume of 
distribution 

3 days 
excretion 


days 


1 

hters 

H 

liter 

fer cent oj 
injection 

23 

0 

9 54 

8 12 



so 


3 

10 00 

8 85 

+0 46 

+0 73 

75 

32 

0 

6 70 

5 12 



73 


3 

6 85 

5 12 

+0 16 

0 00 

82 

36 

0 

7 68 

7 10 





g 

7 00 

6 51 

-0 68 

-0 59 



16 

6 74 

6 21 

-0 26 

-0 30 


37 

0 

7 88 

6 21 





9 

8 42 

6 81 

+0 64 

+0 60 



IS 

7 92 

6 31 

-0 SO 

-0 60 



Table II 


Measurement of Change in Total Body Water 


Dog 


BiO 

Dura 

Weight 

A weight 

Thiourea 
volume of 
distnbution 

Body water 
as wr cent 
of body 
weight 

A water measured by* 

No 


tion 

Thiourea 

Metabobc 

studies 




days 


hg 



liters 

hUrs 

23 

+ 

+ 





76 




0 

0 

7 


-1 82 


78 

-1 20 

-1 35 

30 

+ 

+ 


7 62 



85 




Glucose 

0 

8 

6 34 

-1 28 

6 42 

85 

-1 10 

-1 04 


+ 

+ 


7 54 

+1 20 

5 95 

79 

+0 53 



0 

0 

10 

6 00 

-1 54 

4 63 

77 

-1 32 

-1 10 


+ 

+ 

17 

7 06 

+1 06 

6 30 

75 

+0 67 



0 

+ 

14 

5 52 

-1 54 

4 17 

75 

-1 13 

-0 99 

31 

•f 

+ 


6 76 


4 96 

73 




Glucose 

0 


5 40 

-1 36 

3 71 

69 

-1 25 

-1 06 

32 

+ 

+ 

HH 

7 74 


5 50 

71 




Fat 

0 

Bui 

6 27 

-1 47 

4 08 

65 

-1 42 

-1 35 


+ 

+ 


7 26 

+0 99 

4 78 

66 

+0 70 



0 

0 

1^1 

6 12 

-1 14 

4 16 

68 

-0 62 

-0 88 


+ 

4- 

^^1 

6 73 

+0 61 

4 74 

70 

+0 58 



0 

Saline 


5 98 

-0 76 

4 16 

70 

-0 58 

-0 57 


+ 

+ 

8 

6 70 

+0 72 

5 12 

76 

+0 96 


35 

+ 

+ 


7 30 


5 58 

76 




0 

0 

10 

5 86 

-1 44 

4 65 

79 

-0 93 

-1 04 


+ 

+ 

17 

6 96 

+1 10 

5 98 

86 

+1 33 



Glucose 

0 

8 

6 70 

-1 26 

4 80 

84 

-1 18 

-1 07 

37 

+ 

+ 


7 92 


6 31 

80 




Fish 

0 

29 

6 72 

-1 20 

5 19 

77 

-1 12 

-1 08 


* The plus and minus signs indicate increases and decreases respectively 
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THIOUnEA AS MBASTTRE OF BODl WATER 


how ever, were lai ge m volume and not isotonic It is hkely that the death 
of the animals resulted from the injection of large amounts of fluid con 
taming no salt, whose hemolytic effects on red blood cells would be identical 
with those of distilled w atcr Hence, it is not certam that even these huge 
amounts are harmful 

In these studies 5 0 cc injections of a 10 per cent solution of thiourea m 
normal sahne were used for a total dose of 0 500 gm Occasional transient 
subdued behavior was observed following tluouiea Dog 36, however, 
invanably vomited after injection Four animals died as a result of the 
deprivation of food and water All had received thiourea within the pre 
ceding 24 hours Postmortem exaimnation revealed no gross changes in 
the tissues save for the presence of dehydration 

DISCUSSION 

It IS immediately apparent that tluourea seems to be distnbuted in some 
instances through a volume greater than that ordinarily assigned to the 
w'ater in the body This could be predicted from early obsen ations not 
reported at this time In those studies the volume of distnbution w'as 
determined at intervals following a single injection It w as found that the 
apparent volume of distribution increased with time A 2 hour period was 
selected as an easily reproducible interval for this comparative study when 
it was evident that, no matter what the interval used, a total volume of 
body water approximating 70 per cent could not be obtamed consistently 
Though these distnbutions do not always fall within the range of the 
assumed physiological values, the control studies listed in Table I prove 
them to be quite constant Slight vanations in the weight of the dogs were 
reflected in a comparable change in the volume of distnbution, both with 
respect to direction and order of magmtude In eleven of the studies 
listed m Table II the change m body water was calculated both from meta 
bolic balance studies and from changes m the apparent volume of dis 
tnbution of thiourea A close agreement is present m the results obtained 
by both procedures Hence thiourea can be used to give evidence of a 
change m body water as an alternative method to the labonous metabolic 
studies , 

It is possible that the lugh volumes of distnbution are m some way rela e 
to the incomplete recovery of the injected matenal Since thiourea is 
still present in the urine dunng the 3rd day, an active participation o 
thiourea in body metabolism does not seem hkely Yet there remains e 
possibility of a slow rate of metabolic actmty with destruction of t 
It IS conceivable that thiourea enters some particular water 
ment or is bound to some tissue in concentrations greater than its ri 
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tion throughout the rest of the body Attempts to demonstrate this have 
been unsuccessful The gradual release of such bound thiourea with sub- 
sequent excretion in the unne has not been detected At no time has 
thiourea been found m the unne beyond the 3rd day foUowmg mjection 
It IS possible that the thiourea, if bound, is released so slowly that it is lost 
dunng the process of dilution Since the error of the method is 0 1 mg 
per cent, dilution of the unne 1 part in 50 might well mask as much as 5 mg 
per cent of thiourea Attempts to circumvent tlus difficulty by analysis 
of the undiluted unne have been blocked by the vanabihty in the value of 
the blank 

The question whether the tissue or compartment with the greater avidity 
for thiourea, if such there be, could become saturated by an mitial mjection 
of thiourea can be answered m part from the control studies m Table I 
If saturation were produced by the mitial mjection, one would expect an 
mcrease m the second 2 hour level of thiourea, with a subsequent more 
complete recovery This m turn ought to yield a volume of distnbution 
approachmg the theoretical body water Thus far, however, only an m- 
creased recovery has been demonstrated without a marked change m the 
volume of distnbution 

Use of the recovered rather than the injected amount of thiourea in the 
calculation of the volume of distnbution does not yield consistently a per- 
centage approximatmg 70 per cent of the body weight 

It would appear, hence, that a change m the apparent volume of distnbu- 
tion of thiourea can be used as an index of a change m the total water in the 
body of a dog Occasional high volumes of distnbution, however, preclude 
its use as a measure of the absolute amount of body water present 

SUMMART 

The volume of fluid through which injected thiourea appears to be dis- 
tnbuted m dogs was determmed m ten control studies and m twenty-three 
experiments dunng which the body weight and water changed In eleven 
mstances the change m the apparent volume of distnbution was compared 
with the decrease m body water as determmed by metabohc studies 
Possible explanations for high volumes of distnbution and for mcomplete 
recovenes of thiourea are discussed 

1 Injected thiourea is distnbuted through a volume of flmd which either 
approximates or exceeds that assigned ordmanly to the total body vater 

2 This volume is constant, provided the time allowed for diffusion is 
the same m duphcate studies 

3 A change m this volume is mdicative of a change in the total volume 
of body water 
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THIOUREA AS MEASURE OF BODY 'WATER 


4 Measurement of a change m total water by studies of thiourea dis 
tnbution agrees, ivithin 4 per cent of the animal’s body weight, iiith that 
obtained by metabolic calculation 

BIBUOGRAPHY 

1 Danowski, T S , / ilioi Chcm , 162, 201 (1944) 

2 Lavietes, T H , J" Clin Invest , 14, 67 (1935) 

3 Newburgh, L H, Johnston, M W , and Falcon-Lesses, M , J Chn /nresf , 8, 161 

(1930) 

4 Elkinton, J R , andlallehM , / Chn Invest ,21,787 (1942) 

5 Nicolas, E , and Lebduska, J , Compt rend Acad , 186, 1441 (1928) 



LETTERS TO THE EDITORS 


CRITICAL FACTORS IN THE RECOVERY OXYGEN 
CONSUMPTION OF RAT LIVER SLICES 
FOLLOWING ANOXIA IN VITRO* 

Sirs 

Craig’- recently reported that the oirygen consumption of hver shces fol- 
loumg exposure to mtrogen in vitro was higher if the livers were taken from 
fed animals than if the lats had been fasted Fasting also diminished the 
lactic acid output dunng the period of anoxia The differences between 
fed and fasted animals ma 3 ’' be due to the glycogen content of the hver, 
vhich has been suggested as a factor deterimmng the rate of anaerobic 
gh cdlysis - 

The failure of hver shces fiom fasted ammals to utihze glucose present 
m the medium dunng anaerobiosis suggests either irreversible damage to 
enzj me systems in the cells or the absence of some factor essential for glu- 
cose catabolism There is evidence that potassium is essential for certain 
stages of carbohj'drate metabolism’ Glycogen is deposited m the hver 
together ivith potassium and uater^ In vitro, synthesis of glycogen from 
glucose by rat liver slices is most rapid m an “mtracellular” medium con- 
tammg high potassium concentration,’ and potassium is essential for carbo- 
hvdiate synthesis in yeast ’ We have tested the mfluence of electrolyte 
composition of the medium on the recovery QO 2 foUoinng anoxia, using 
h\ er shces from fasted rats 

The experimental procedure uas essentiallj’^ that used bj Craig The 
Rmger-phosphate-glucose medium contamed NaCl 0 12 m, KCl 0 0024 si, 
CaCL 0 0017 si, MgCL 0 0008 si, NajHPOi 0 017 si, NaHzPO^ 0 003 si, 
glucose 0 011 SI The “mtracellular” medium contamed K-HPOj 0 054 si, 
KHsPOi 0 013 SI, MgHP 04 0 0085 si, MgSO* 0 01 si, glucose 0 011 si 
The mean Iner glycogen for all ammals used, deiermmed after a 24 hour 
fast, was 0 08 per cent 

* Supported by grants from the John and Mary R Markle Foundation and the 
Fluid Research Fund of Stanford Universitj Medical School 

’ Craig, F N , J Btol Chem , 160, 209 (1943) 

* Orr, J W , and Stickland, L H , Biochem J , 35 479 (1941) 

* Fenn, W O , Physiol Rev , 20, 377 (1940) 

*Fenn, W O , J Btol Chem , 128, 297 (1939) 

* Hastings, A B , Sarvey Lectures, 36, 91 (1940—41) 

* Pulver, R , and Verz4r, F , Helv chtm acta, 23, 1087 (1940) 
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LETTERS TO THE EDITORS 


It IS shoivn in the table that after 70 minutes exposure to nitrogen the 
' subsequent QO 2 is greater m "intracellular” medium than in Rmger’s 
solution, calculated either on an absolute or percentage basis Lactic 
acid production dunng 1 hour’s exposure to mtrogen was 1 6 mg per gm 
in Ringer’s solution and 5 0 mg per gm m “mtracellular” medium (mean 
values of duplicate determinations on three rats) 



Oxygen consmnption cjnm per mg initial dry 
weight per hr 

Rbger phosphate glucose 

' Intracellular glucose 

Initial QOj 

8 68 ± 0 18* 

6 82 ± 0 32 

QOi after 70 mm exposure to Nj 

1 62 ± 0 14 

3 37 db 0 24 

Per cent recovery of QO 

18 6 

57 9 


* In each case, means and standard errors of the means for si\ rats 


It seems probable that in Rmger’s solution the low QOj after anoxia of 
liver slices from fasted rats is due to the low glycogen content of the liver, 
and the inability of liver slices to utilize added glucose durmg the penod of 
anoxia The higher reco\ erj' QO* follownng anoxia and the higher lactic 
acid output dunng anaerobiosis, obtained m an "mtracellular” medium, 
suggest that in the presence of larger amounts of potassium added glucose 
is made available for energj'-j lelding reactions essential to the cell dunng 
anaerobiosis 

Department of Physiology Frederick A Fuhmian 

Stanford University J M Cribmon 

California 
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The effect of age on the chemical composition of vanous grasses has been 
the subject of much research As the result it is common knowledge that 
“young” grasses are richer in protein, soluble carbohydrates, carotene, 
vitamin C, thiamine, and nboflavm than are older grasses (1-15) The 
cellulose and other structural constituents mcrease as the plant ages 
Hence, young grasses or grasses kept in a vegetative condition by cutting or 
grazmg are nutritionally superior to older grasses 
In addition to this type of experiment (1-15) m which “young” grass 
usually refers to grass at least 3 to 6 weeks of age, a number of studies have 
been earned out on sproutmg seeds It has been found that chlorophyll, 
xanthophyll, and carotene (16-18), as well as the water-soluble vitamins 
(19-22), mcrease durmg and subsequent to germination In the case of 
some of the constituents, the maximum pomts between germination and 
the old plant have been observed Such maxima must exist for all of the 
vitamins as well as protem, chlorophyll, and many other constituents 
The work desenbed m the present paper was earned out to determine 
when the vanous constituents reach them maximum concentrations, and 
to attempt to correlate the analytical data with the phvsiological stage of 
growth and the rate of growth of the plant 

EXPERIMENTAL 

Oats were selected as a typical example of a cereal grass The vanety 
Kanota was used, smee previous expenence mdicated that it is well adapted 
to the environmental conditions likely to be encountered in eastern Kansas 
The experiment was earned out on a carefully selected uniform field near 
Lawrence, Kansas, the soil bemg a chernozem type with a high base ex- 
change capacity and oiganic matter content, but a fairly low per cent base 
saturation The seeds were sown with standard farm equipment at a rate 
of 4| bushels per acre on the 28th of Apnl 
After the plants had grown to a height of 6 to 8 inches (May 22, 1941), 
two sets of samples were taken every 3 days until gram heads appeared 
The first set of samples w as taken as follow s 
Twenty-five plants were hand-picked for physical examination, dissec- 
tion, and measurements The tiller culms were separated from the seed 
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CHEMISTRY OF GRASSES 


culms, and the roots were removed at the crown They Mere dned at 80° 
and ground, and protem analyses were run on these tuo fractions of the 
plant The second set of samples w as obtamed by the use of a commercial 
harvester of the type ordmanly used m the production of deh}'drated grass 
or alfalfa It cut the grass 1 to 1^ mches above the ground A smgle 
swath 5 feet by 100 to 400 feet was cut across the field for a sample' 
Samples were cut so as to ehmmate border effect The grass was then 
transported by truck to the dehydratmg plant w'here it was nnmediately 
dried under commercial conditions m an Ardner After dehydration, the 
samples were ground to pass a 32 mesh screen m a hammer mill In this 
way, 50 to 100 pound samples were obtained w’hich were placed m cold 
storage (—12 2°) to await analysis Earher work had shown this method 
of storage to be suitable for preservation of the factors to be determmed 
Previous to analysis, the 100 pound bags were sampled with a gram sam- 
pler (sL\ stabs per bag) The samples w ere then w armed to room tempera- 
ture m a desiccator and were rolled and quartered according to standard 
techmtiue 

Records of average temperature and humidity were kept and rainfall was 
recorded These are given m Table I 

Methods of Analysts 

Biotm (23), Laclohaalhis casei growth factor® (nont eluate factor) (24), 
and pantothenic acid (25) were all tested by the microbiological method 
■with Lactohacilhts casci e as test organism A similar procedure with 
Lactolacillus arahinosus (26) w as used for nicotmic acid Riboflann was 
detennmed both fluorometncally (27), with a Lumetron photoelectnc 
colorimeter, and by the imcrobiological procedure (28) Satisfactorj' 
checks were obtamed All of the procedures for microbiological assay w ere 
modified by addition to the basal media of synthetic \utamms and a con- 
centrate of the eluate factor prepared from grass Thiamme was determmed 
by the thiochrome method by use of an mtemal standard Carotene 
determmations were run by both partition (29) and chromatographic meth- 
ods (30) An Evelyn photoelectnc colonmeter was used to determme the 
carotene content of the punfied extracts Chlorophyll was detennmed 
with a Beckman photoelectnc spectrophotometer The optical density 

1 The May 9 sample was collected by hand, since the ram (see Table I) had softened 
the field and made it impossible to use the harvester 

1 The Lactoiactllus caset factor was determined with a concentrate contaimng 7 
per cent folic acid as standard This material was generouslj supplied bj Dr B E 
Snell Since a number of different compounds have growth promoting activitj for 
Laeidbactllus caset, the values given should be considered relative rather than a 
solute 
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of ether solutions of the fat solvent-soluble constituents nas detennmed 
at wave-lengths of 6600 and 6425 A Chlorophyll a and 6 concentrations 
M ere calculated from the absorption eoefficients of the pure compounds as 
detemuned by Comar and Zscheile (31) Ascorbic acid r\ as detennmed by 
titration with 2 ,6-dichlorophenol indophenol (32) Gnt analyses were run 
accordmg to the procedure of the Association of Official Agncultural 
Chemists with caibon tetrachloride instead of chloroform for flotation of 
the grass from the soil which is entrapped at the base of the leaf blade and 

Ta^ble I 


Environmental Data during Experimental Period 


Bate 

Average temperature 


Relative humidity 



C 

tnc/us 

ptr ant 

May 

22 

20 0 

0 75 

75 


23 

15 0 

0 00 

55 

(( 

24 

17 7 

0 00 

42 

<1 

25 

22 7 

0 00 

54 

(< 

26 

25 0 

Trace 

57 

t< 

27 

25 5 

0 00 

61 

(< 

28 

26 1 

0 00 

66 

« 

29 

25 0 

0 00 

64 

(< 

30 

24 4 

0 25 

80 

it 

31 

20 5 

0 39 

91 

June 

1 

22 7 

0 63 

77 

it 

2 

21 6 

Trace 

77 

it 

3 

18 3 

(( 

89 

/, 

4 

20 6 

0 00 

63 

it 

5 

23 3 

0 00 

59 

H 

6 

20 5 

Trace 

1 88 

It 

7 

22 2 

0 00 

68 

it 

8 

20 5 

2 00 


it 

9 

21 1 

1 13 

82 

if 

10 

20 5 

Trace 

80 

if 

11 

19 4 

it 

73 

if 

12 

17 2 

0 oo 

68 


under the sheath All results were calculated on a moisture-free, grit-free 
basis 

Results 

Data on the groniih rates and tillermg are given m Table II It will be 
noted that the number of tillers per plant shows only a shght tendency to 
mcrease with age In view of the fact that the total n eight of the tillers 
formed after the first sample is relatively small, it is improbable that the 
analytical results on the dehydrated samples were affected appreciablj b> 
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this factor Fig 1 shows that growth (as drj^ weight and height) of the 
seed culms proceeded as a loganthimc function of tune Therefore, both 
w eight and height changes may be expressed mathematically bj the general 
growth equation, X = A(*‘ (33) The mcrease m drj' weight of the seed 
culms may be calculated by the formula TF = e” °®‘', where e is the base of 


Table II 


Results of Physical Afcasurcmenls and Obscnaltons on Hand Picked Sample 


Da>5 
of ^wth 
(irom 
planting) 

Sttd culms 

Tiller culms 

ToUl 

plant, 

average 

weight 

Average 

height 

Ai crape 
weight 

Jointa 

Heads 

out 

A\eragt 
No ptf 
seed culm 

Average 

height 

Average 

weight 

Joints 


tnekes 

tm 

per ctnioj 
fdfai cultni 

percent 


tnckes 

tm 

pereenS 

rm 

24 

g 8 


0 

0 

1 52 

6 3 


0 

0 12S6 

27 

10 8 


0 

0 

1 76 

7 1 

0 0334 

0 


30 

12 6 


32 

0 

1 88 

8 2 

0 0669 

5 5 

fll^l 

33 

14 1 


12 

0 

1 96 

10 3 

0 0621 

0 

livSSl 

36 

15 6 

Lim!! 

52 

0 

2 20 

11 0 


24 0 

0 646 

39 

18 4 

0 3032 

52 

3 

1 32 

11 5 

0 0932 

11 1 

0 4265 

42 

19 7 

0 4562 

72 

16 

2 44 

10 6 

0 1«2 

28 1 

0 8730 

45 

24 7 

0 5795 

84 

28 

1 00 

10 2 

0 1718 

32 0 

0 7520 



Fio 1 Growth of the seed culms of oat grass plotted on senuloganthmic paper 

natural loganthms and t is the time (days) from plantmg 0 091 X 100 
git es the percentage increase m w eight per daj”^ Similarly, the change m 
height of the seed culms may be calculated from the formula H — 
3 SSc" "W' The growth of the tiller culms does not follow this type ol 
formulation, possibly because of the fact that these figures represent the 
aterage of a number of culms of phj Biologically different ages 
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The percentage of jointed culms is also given m Table II The jomtmg 
stage refers here to the stage at which the mtemodal tissue begins to elon- 
gate to form the stem of the plant The work of Bonnett (34) has shown 
that previous to this stage m the mdividual cuhn “the growmg point re- 
mams short, the leaf initials differentiate, leaves grow, and tdler buds 
develop m the a\ils of the leaves at the base of the stem Dunng the sec- 
ond stage, the mternodes of the stem elongate, and the branches, spikelets, 
and flower parts differentiate and develop ” The protem contents of the 
seed and tdler culms are shown m Fig 2 A comparison of Table II and Fig 
2 shows that the protem content of the culms is a function of physiological 
age The rapid dechne of protem corresponds to the rapid formation of 
jomts in both seed and tiller culms The lower protem values of seed and 



Fig 2 Effect of age on protem content of the seed and tiller culms from the same 
plants (hand picked samples) 

tdler culms as compared ivith those obtained on the dehydrated samples 
may be attributed to the fact that the former mcluded the entire cuhn abo\ e 
the root (Fig 2) The dehydrated samples were obtamed from grass cut 
IJ mches above the ground (Fig 3) 

By the 39th day, the first gram heads appeared, although even bj the 
42nd day only 16 per cent of the seed culms was headed out 
The analytical results on the dehydrated grass samples are shown m 
Fig 3 The factors may be divided mto four groups as follows (1) those 
which showed maximum concentrations at or just previous to the jointing 
stage (this group mcludes crude fat (petroleum ether extract), protein, 
chlorophyll, carotene, riboflavm, thiamme, ascorbic acid, and the Lacto- 
bacillus casei growth factor (norit eluate factor)) , (2) those w hich show their 
maxima considerably earher than the jomtmg stage (nicotmic acid is the 
only representative of this group which has been found), (3) factors which 
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reach their maximum concentrations between the jointmg and the heading 
stages (these include biotm and pantothenic acid), and (4) structural con- 


Ptrcent 
26 . 


■22 

IS 




\ 




a Proiem 


\ 


30 , 36 ^ 42 


Microgm 

per qm 
14 


10 


'V\. 


n d Thiomtn 
24 30 36 42 


Microgm 
per qm 

ZS 


20 

LS 





iX) 9 Bio tin 
24 . 30 36 , 42. 



^ Chloro 6 



Percent 

130 

25 
20 


h. Fai 

24 ■ 30 . 3.6 . 42 


Microgm 
per am 

2i-‘- 


22 


16 


A. 


, j f Piboflavtn 
24 50 36 42 



h Panfo 
12 theme acid 
2fi- . 30 . 5,6 . 47. 
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Fig 3 Effect of age on the composition of the oat plant The samples new 
harvested with a commercial harvester (about IJ inches above the ground), an 
dehydrated by a flash process The abscissae are in terms of days after p an ing 


stituents tvhich mcrease iR concentration up to the heading stage, repre- 
sented here by crude fiber 
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DISCUSSIOX 

It IS fortunate that the temperature conditions remamed so nearly 
constant throughout the experunent, smce, of course, the value of fsT m the 
groudh equation is dependent on temperature m so far as plants are con- 
cerned In view of the developmental changes which occur at the jomtmg 
stage, a change m slope of the logarithmic growth curve might be expected 
at this pomt Neither these data nor those presented by Brody (35) con- 
tam enough pomts previous to the jomtmg stage to establish whether there 
IS a break in the curve or not Further ivork is m progress m this laboratory 
on this pomt 

It IS seen from the data that most of the vitamms and the protem, crude 
fat, and chlorophyll reach a peak m concentration at or near the jomtmg 
stage These results are m accord with those of Schnabel (36), who found 
that the “nutritive value” of grass was optimum at this pomt 
At this stage, the plant is at the peak of its vegetative development Up 
to the jomtmg stage, the aerial part of the plant is made up entirely of leaf 
blades and sheaths As the seedling grow s and the leaves unfold, more and 
more surface is exposed to sunlight, and, hence, can partake m photosjm- 
thetic activity Thus, factors which presumably play important metabohc 
and photosynthetic rdles might be expected to mcrease up to this pomt 
Elongation of the mternodes results in the formation of a stem containmg 
a high percentage of structural constituents Thus, the relative amount of 
actively metabolizing tissues becomes smaller 
That the pantothemc acid and biotm values reached maxima consid- 
erably later may indicate that they function m enzyme systems not directly 
associated with photosynthesis Then maxima comcide with the rapid 
deposition of cellulose and other structural constituents as w ell as with the 
rapid development of the branches, spikelets, and flower parts (34) It 
will be noted that the last two pomts on the pantothenic acid and thiamme 
curves are considerably off the smooth curve w hich may be draivn through 
the other slx points This may be related to the heavy rainfall mentioned 
above Fiber, protem, ascorbic acid, biotm, and chlorophyll also show 
irregularities at this pomt, although of a lesser degree The other con- 
stituents determined did not appear to be affected appreciably by the ex- 
cessive moisture 

No suggestion is offered m explanation of the early nicotinic acid peak 
It IS apparent from the above data that the physiological stage of growth 
IS of prime importance m evaluation of the effects of all tjqies of eniuron- 
ment on the quality of the grasses It is difficult to mterpret much of the 
published work on grasses because this factor has not been taken mto ac- 
count In studies on fertilization, ^arletles, etc , the cuttmgs should be 
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carefully controlled on the basis of physiological age rather than chrono- 
logical age 


STIMSLAR'i 

1 The immature oat plant has been studied at vanous stages of develop- 
ment Protem, fat (petroleum ether extract), fiber, chlorophyll, carotene, 
nboflavm, ascorbic acid, thiamme, biotm, pantothemc acid, Lactobacillus 
casci factor (nont eluate factor), and nicotinic acid have been determined 

2 The concentrations (per gm basis) of these constituents have been 
correlated -with the phjsiological stage of groivth of the plant 

3 Most of the factors shoiv ed a maximum concentration at or about the 
jomting stage Pantothenic acid and biotin shon ed later maxima, nhile 
nicotmic acid ^vas present in maximum concentration at an earher stage 
The concentration of crude fiber continued to mcrease throughout the 
experiment 

4 Growth rate of the seed culms proceeded accordmg to the general 
equation, W = Ae^‘ 
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SOME BIOLOGICAL EFFECTS PRODUCED BY BENZIMIDAZOLE 
AND THEIR REITERSAL BY PURINES 

By D W WOOLLEY 

(From Ihe Lahoralones of The Rockefeller Inslilule for Medical Research, New York) 
(Received for publication, November 17, 1943) 

The production of thiamine deficiency in animals and many micro- 
orgamsms by the administration of pynthiamine, the pyndme analogue of 
thiamme (1), has prompted us to attempt the synthesis of analogues of 
other biologically important compounds by application of the same type 
of structural change as that involved in passing from thiamme to pyn- 
thiamme Thus the formation of the compound denved from biotm by 
the substitution of — CH CH — for the sulfur atom seemed advisable 
While we were engaged m the synthesis of this analogue, an abstract of a 
paper appeared (2) which descnbed the pharmacological properties of 
benzmudazole The structural smulanty of this compound to the biotm 
analogue m which we were interested was apparent Furthermore, the 
smulanty of the symptoms observed m anunals receivmg benzimidazole to 
those seen m biotm deficiency suggested that the action of benzimidazole 
might be related to its structural similanty to biotm In order to deter- 
mme whether benzimidazole owed its biological potency to competition 
with biotm, the production of biotm deficiency was attempted m several 
microorgamsms by addition of benzimidazole How ever, w hile the grow'th 
of these microorgamsms w as shown to be inhibited bj^ benzimidazole and 
certam of its denvatives, this effect was not overcome by biotm The 
close structural simdanty of benzimidazole to punne then suggested itself, 
and tests soon demonstrated that the effect on growth was overcome by 
adenme TnaJs wuth other purmes showed that the inhibition of growth 
Was overcome only by the ammopunnes, ademne and guanme The other 
purmes which were tested w ere meffective 

Certam structural features were necessarj’’ m the benzmudazole m order 
for it to have growth-inhibiting powers for yeast Thus, when the hjdro- 
gen atom of position 2 w as replaced bj a side cham or by hj dro\' 3 1 , actiiuty 
was destroyed or gieatly diminished Since the substitution of an amino 
group m position 4 of benzmudazole would result m a compound more 
analogous to adenme, and the substitution of an ammo group m position 5 
would yield one more analogous to guanine, it w as hoped that such ammo 
compounds would be much more actne than unsubstitutcd benzimidazole 
However, 4-ammobenzimidazole and 4-nitrobenzimidazole had approM- 
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matcly the same potency as benzimidazole avhen judged on a molecular 
basis 5-Aminobcnzimidazolc a\a3 somewhat less than half as active 

The sjntheses of the two aminobenzimidazolcs and the position of the 
nitro group in nitrobenzimidazole have not been know n previously 5 Am- 
inobenzimidazole was sjnthesized by the condensation of formic acid with 
1,2,4-tnaminobenzcnc Bamberger and Berl(f (3) showed that nitration of 
benzimidazole introduced a nitro group at an unknown point m the benzene 
nng Since onlj two isomenc compounds arc possible, reduction of the 
nitrolienzimidazole and companson of the resulting aminobcnzimidazole 
with 1 aminobcnzimidazole would establish the structure of the nitro 
compound Bamberger and Bcrld! were unable to prepare the pure amine 
bj" reduction with tin and Indrochlonc acid, but we haac found that the 
preparation was casj when ferrous sulfate and ammonia were used The 
nminobenzimidazolc thus prepared differed in melting point and in biologi 
cal nctiaita from o aminobcnzimidazole and hence was 4-ammobcnzimid- 
nzolc 

Along with sulfanilamide, benzimidazole is the onla inhibitor related 
stnictiinll} to the \ itamins and acting compctitneh with them which has 
\)ccn found ciTeclnc against organisms that arc able to simthcsize the 
A itamin to which the inhibitor is related In the case of pjTidine-3 sulfonic 
acid (4) (related to nicotinic acid), thiopanic acid (5, C) (related to panto- 
thenic icid), and pinthiaminc (1) (related to thiamine), the inhibitor was 
cffcctiie onh against organisms which required the related vitamin pre- 
formed m the medium Howcier, just ns sulfanilamide was not limited 
in its mhibiton action to organisms for which p aminobenzoic acid was 
required as a growth factor, «o also benzimidazole was not limited in its 
action to those organisms unable to smthcsize aminopurmcs 

The reicrsal of benzimidazole action on microorganisms bj punnes 
suggested the In pothcsis that benzimidazole owed its anesthetic and other 
pharmacological properties to its competition in the animal wath the 
aminopunncs Howcier, it was not possible to preicnt anesthesia m 
animals injected with bcnziniidazolc In the administration of adenine 
Some reduction in the length of the period of anesthesia was produced bi 
adenine, but the results were not as staking as in the case of the growth o 
microorganism*; Nei crthclcss, it is still possible that the pharmacologies 
action of this new drug is related to the purines 

EXPERIMENTAL 

Sources of Benziviidazolcs — Benzimidazole itself was obtained from com 

mcrcial sources 2-McthA Ibcnzimidnzole and glucobenziimdazoe were 

s\ nthesized according to the directions of Moore and Link (7) 2-Hy ro\w 
benzimidazole was prepared bj the action of phosgene on an et er so u lo 
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of 0 -phenylenediamme Nitrobenzumdazole was prepared according to 
the method of Bamberger and Berld (3), and 2-hydroxyinudazole according 
to that of Marckwald (8) 

5-Amindbemimtdazole — 25 gm of 1,2,4-tnaimnobenzene tnhydro- 
chlonde, 4 6 gm of fomuc acid, and 40 cc of water were placed m a 100 
cc flask which earned an air condenser The flask was heated in an oil 
bath until the contents were homogeneous 5 cc of phosphonc acid were 
added, and the temperature was held at 135° for 3 hours The black, 
semisohd product was dissolved in 400 cc of water The solution was 
treated with excess concentrated a mm onium hydroxide, and evaporated 
on a steam bath to half its volume 12 gm of CuSO< 5 H 2 O were dissolved 
in 200 cc of water, and just enough ammomum hydroxide was added to 
give a clear solution, and this solution was added to that of the reaction 
product The precipitate which formed was filtered off, washed with water, 
suspended m dilute HCl, and decomposed with H^S The fiJtrate from 
CuS was treated wnth excess a mm onium hydroxide and concentrated 
under reduced pressure to about 100 cc 6 gm of dark purple crystals 
formed as the solution stood m the cold The product was purified by 
recrystallizmg it twice from water wnth the addition of much nont, and 
was obtamed as 1 1 gm of slightly pink crystals, mp* 105-106° The 
compound turned shghtly purple when it was dried at 60° 

CtHtNi 2HiO Calculated C 49 7, H 6 5, N 24 8 
Found “ 60 4, “ 5 8, “ 24 5 

4-Aminobemimid(izole — 10 gm of mtrobenzimidazole (3) were dissolved 
m 300 cc of water and 50 cc of N HCl, and the solution was treated with 
120 gm of FeSOi VHsO m 200 cc of water The solution was stured and 
treated with an excess of a mm onium hydroxide The mixture was heated 
to boihng, filtered, and the precipitate was washed with hot water The 
yellow filtrate was concentrated under reduced pressure to about 60 cc and 
allowed to stand m the cold The crystals were filtered off, washed, and 
recrystalhzed from water, jneld 5 gm , m p 104^105°, mixed melting pomt 
with 5-ammobenzimidazole 100-102° Like the isomenc 5-animobenzimid- 
azole, this compound darkened w hen dried at 60°, and thus m this respect 
differed markedly from the analogous 6-ammopunne 

C7H7N1 2HjO Calculated C 49 7, H 6 5, N 24 8 
Found " 49 2, “ 5 8, " 24 6 

Method of Mtcrdbiological Tests — In order to test the effect of benzirmd- 
azole on the growth of yeast, suitable graded amounts of the compound 
were added to flasks contammg 10 cc of the medium desenbed below 


* All melting points were unoorrected 
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NOTES ON THE MANOMETRIC HYPOBROMITE ESTIMATION 

OF UREA 


Bv RAYMOND F HOLDEN, Jr 

{From the Department of Internal Medicine, Washington University 
Sehool of Medicine, St Louis) 

(Received for pubbcation, November 20, 1943) 

During the course of i\oik involving frequent determination of plasma 
urea by the convenient manometnc method of Van Slyke and Kugel (1), 

Tabi-e I 


Comparison of Urea Nitrogen by Urease Method of Fan Slyhe (£) on Tungstic Acid 
Filtrates and by Hypobromite Method of Fan Slyke and Kugel {!) on Ferric 
Sulfate Lead Monoxide Filtrates 


Plasma 

Whole blood 

Urease 

Hypobromite 

Urease 

Hypobromite 

mg per cent 

mg per cent 

mg per cent 

mg per cent 

19 8 

19 9 

16 0 

16 3 

9 2 

8 9 

18 6 

18 3 

12 4 

12 4 

22 1 

21 4 

16 9 

16 8 

17 8 

17 6 

16 8 

16 6 

36 1 

34 6 

13 3 

13 0 



18 3 

18 6 



13 6 

14 0 



12 4 

11 9 



19 9 

20 1 



18 8 

19 5 



17 3 

16 9 




a need was felt for filtrates vhich might obviate the empmcal correction 
for non-urea nitrogen Aftei tnal of a considerable number of protein 
precipitants, it was found that a combmation of feme sulfate and lead 
monoxide yielded filtrates nhich met this need Such filtrates are easily 
prepared and their urea mtrogen content estimated by the h>pobromite 
metnod agrees well with urea nitrogen m tungstic acid filtrates determined 
by the manometnc urease method of Van Slyke (2), as shonn m Table I 
The reagents required are an approximately 12 per cent feme sulfate 
solution and lead monoxide (litharge) 

For the preparation of 1 10 filtrates, 1 xolume of vhole blood is laked 
in 8 volumes of nater in a flask of at least double the final xolume of the 
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contents 1 \olumc of feme sulfate solution is added i\ith continuous 
agitation of the laked blood, followed bj' approxunatelj 1 5 gm (J tea- 
spoonful) of lead monoxide for each cc of feme sulfate solution The 
flask IS closed and shaken \ngorouslj until a distmct metalhc “clicking” 
sound IS heard, then the contents are filtered 

For plasma, the amounts of reagents arc haU ed, so that for 1 10 filtrates 
1 volume of plasma requires 8 5 volumes of water and 0 5 volume of feme 
sulfate solution 

Filtrates prepared bj this method contain somewhat less mtrogen than 
tungstic acid filtrates and onlj a fraction of the original glucose Re- 
co\ crj of urea added to whole blood or to plasma is shown in Table II 


Table II 

Titcovery of Addtd Urea 


Wholt blood 

PliSSli 

SicipU 

Ufti 

IlltfOJtn 

Sanple 

ITfti 

Bilrogta 


trrffnS 


mi fercraf 

Urea solution 

9 8 

Urea solution 

9 5 

Wliolo blood Citrate 

20 3 

Plasma Citrate 

16 1 

Filtrate of whole blood -h 


Filtrate of plasma -f urea so 


urea solution 

30 3 

lution 

25 8 


The suggestion of Kolthoff and Sandell (3) for the extemporaneous prep- 
aration of loTJobromite solutions bj the addition of hjiiochlonte to a bro- 
mide solution has been applied to the manoraetne liniobromite method 
It was found that a commercial bleaching solution* was suitable for this 
purpose A rauxturc of equal parts of 40 per cent NaOH, CO per cent KBr, 
and blcaclung solution gave results equivalent to those obtained by the 
hjpobromitc reagent of Van Shke and Kugel (1), and appeared to offer 
some ad\ antage in conv emonce and cconomj 

niDuoonAPHv 
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2 aanSljke, D I),/ Biol C/icm , 73, 095 (1927) 

3 Kolthoff, I M , and Svndcll, K B , Textbook of quantitatuc inorganic analj-sis, 
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* Clorox, containing 5 25 per cent NnClO 











A PARALLELISM BETWEEN THE QUANTITATR^E INCIDENCE 
OF CARBONIC ANHYDRASE AND FUNCTIONAL LEVELS 
OF THE CENTRAL NERVOUS SYSTEM 

Bt WINIFRED ASHBY 

With the Technical Assistance op Dorothea V Chan 
(From the Blaclbum Lahoralory, Saint Elizabeths Hospital, Washington) 

(Received for publication, November 3, 1943) 

In a previous paper (1) data were presented showing carbonic anhydrase 
m significant amounts m the tissue of the brain A further study has 
been made of the content of carbomc anhydrase in two different regions 
of the central nervous system by the techmque already described (2) The 
data here presented compare the carbomc anhydrase content of the cord 
with that of the cerebrum, and evaluate the findmgs reported with reference 
to the effect of differences m cellular content of the areas compared The 
cord and cerebrum are chosen as widely separated “levels of function” 
(3) in which the cortical level is regarded as dommant over the functional 
level of the cord 


EXPEHIMENTAli 

Technique — ^In man the cord matenal was obtamed upon removal of the 
brain and consisted of the upper cervical segments of the cord and often 
a fraction of the lower part of the medulla oblongata The cord of the dogs, 
cats, gumea pigs, chickens, and hogs was removed from the spinal canal 
The proximal halves or thirds, dependmg upon the size of the ammal, 
were tested after complete removal of the merunges The human cerebral 
samples were obtamed by cuttmg off convolutions of the frontal pole 
These sections contained both white and gray matter, with the gray 
matter predommatmg In the dog, hog, cat, guinea pig, and chicken 
the matenal consisted of cerebrum, free from underlymg basal ganglia 
In preparation of the matenal for the separate determination of carbonic 
anhydrase of the white matter of the human frontal convolutions, the 
convolutions were shced across and the gray matter vas either shced or 
scraped from the white fibers forming the center of the convolution 
The separation of gray and white matter was not entirely complete, but 
approximately so 

Comparison of Carbomc Anhydrase in Cord and Cerebrum ^In Table I 
are given comparisons of carbomc anhydrase of the spmal cord and the 
cerebrumi m eighteen mstances In nme compansons human autopsj 
matenal was used, eight from mental hospital patients, and one from 
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a normal adult male In addition, data Mere obtained from two dogs, 
two cat5, tMo liogs, three guinea pigs, pooled, five chickens, pooled, and 
a steer In each case the carbomc anhjdrase of the cerebrum was mark- 
edlj greater than that of the cord The carbonic anhjdrase of the cord 
aieraged 14 9 units per gm , that of the cerebrum 30 0 units per gm 
The enzjTnc content of the cerebrum Mas approximately tnace as great 
as that of the cord 


Taihe I 

Comparison of Carbonic Anhydrasc Content of Upper Cord and Cerebrum before and 
after Subtraction of Enzyme Attributable to Contained Blood 


The human cerebral samples enmo from the frontal pole 


Specici 

Autops) No 

Sei 

Ast 

CarboQic anbydr 

Cord 

ISO ttQiU per cm 

1 Certbnim 

Totjl 

Tissue 

ToUl 

Tlssoe 




yri 





Mm 

Normal A 

M 

25 

20 9 

22 9 

39 0 

35 0 

<1 

7950 

II 

73 

22 0 

18 2 

39 0 

35 2 


7991 


82 

22 0 

17 7 

38 5 

30 9 

if 

7991 

El 

38 

13 0 

11 1 

31 0 

27 1 

<( 

7995 

F 

45 

15 2 

7 0 

25 3 

17 7 

41 

S02G 


82 

17 0 


20 5 

21 5 

44 

8004 


53 

24 7 

19 4 

42 6 

32 3 

44 

8121 


71 

21 5 

15 9 

42 0 

34 8 

44 

8150 


82 

29 8 

24 1 

38 0 

33 6 

Steer 

1 


li 

12 1 

10 1 

17 7 

13 7 

Dog 

1 

" 


17 2 

14 4 

44 5 

39 5 

II 

2 

la 


13 2 

8 4 

29 1 

2o 5 

Cat 

1 

n 


21 9 

19 5 

58 8 

51 7 

14 

2 



32 8 

10 4 

47 4 

43 3 

Hog 

1 



17 3* 

13 4 

37 1 

33 3 

14 

5 

F 


18 5* 

14 8 

28 8 

24 9 

Guinea pigs 

1-3 



34 6 

18 1 

30 8 

24 7 

Chickens 

1-5 



5 0 

5 4 

17 8 

17 5 


* Medulla oblongata and pons instead of cord 


Comparison of Carbonic AnJit/drasc of Gray and White Matter e 
amount of Mhite matter m as greater than the gray matter in the cord use , 
on the other hand, m the human brain material the Mhite matter m as 
less than the gray In the preceding compansons of carbomc arAidme 
of cord and brain it is necessary to establish Mhether or not the di 
found maj be due solely to proportionate differences in gray and m i 
matter In Table II is given a companson of the content o ° 
anhydrase of the Mhite matter, which forms the center of the c 
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convolution, -with that of the whole convolution m sl\ instances These 
veie used m Table I m the comparisons of human cord and cerebrum 
In each of these samples the vhite matter contamed a greater amount of 
carbonic anhydrase than the mixture of gray and white forming the whole 
comolution A similar separation of white matter was not attempted 
m the cord, but as the white matter m the cord is more abundant than 
the gray matter, the smaller carbomc anhydrase findmg m the cord as a 
whole would indicate that the white matter must also have a lower car- 
bonic anhydrase content The mverse relationship between the ratio of 
carbomc anhydrase and the white matter-gray matter m the cord com- 
pared to that of human cerebral convolutions, combined with the greater 
content of carbonic anhydrase occurring in the white matter of the human 
cerebral convolutions, w ould rule out the possible explanation that 


Table II 

Comparison of Carbonic Anhydrase Content of White Matter vnthin Convolutions of 
Human Frontal Pole with That of Combined White and Gray Matter 


Autopsy No 

Carbomc anhydrase units per gm 

Whole convolution i 

White matter withm convolution 

7991 

30 9 

36 2 

7994 

27 1 

29 9 

7995 

17 7 

22 8 

8026 

21 5 

30 9 

8064 

32 3 

37 0 

Normal A 

35 0 

42 0 


the observed differences in enzyme content of cord and cerebrum are due 
to differences m proportion of gray and white matter •per se 

Furthermore in the cord of two hogs no carbomc anhydrase was found 
that W'as not attnbutable to the blood contained in the cord tissue These 
findings are given m Table III Smce the cord of the hog may be assumed 
to contain approximately the same ratio between white and gray matter 
as that of other vertebrates, the cords of which contam an appreciable 
amount of carbomc anhydrase, the discrepancy cannot be accounted 
for on the basis of differences m number of cell bodies versus quantity 
of conductmg fiber 

Correlation of Carbonic Anhydrase with Oz Uplahe Reported in Literature — 
Although recent work has been done by Nachmansohn et al (4) on the 
distribution of enzymes wotlun the neuron, work on the regional distribu- 
tions of enzymes or ratios of utihzation of metabolites, etc , withm the 
central nervous system has been neglected A small amount of earlier 
work IS collected by Page and Quastel (5) That on oxygen utihzation 
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a normal adult male In addition, data Mere obtained from two dogs, 
two cats, two hogs, three guinea pigs, pooled, five chickens, pooled, and 
a steer In each case the carbonic anlijdrase of the cerebrum was mark- 
cdh greater than that of the cord The carbonic anhydrase of the cord 
aaeragcd 14 9 units per gm , that of the cerebrum 30 0 units per gm 
The enzjTiic content of the cerebrum was approximately twice as great 
as that of the cord 


TAm-E I 

Compunson of Carbonic Anhydrase Content of Upper Cord and Cerebrum before and 
after Subtraction of Enzyme Atlnbulobte to Contained Blood 


Tho human cerebral samples came from the frontal pole 


SDcaw 

Autopsy No 

Sex 

Aee 

Carbonic anbydr 

Cord 

ase umlaper^ 

j Cetebnun 

Total 

1 Tissue 

Tot»l 

Tissue 




yrt 




■ 



Man 

Normal A 

M 

25 

20 

0 



39 0 

35 0 

</ 


tt 

73 

22 

0 


B 

39 0 

35 2 

<< 

7991 

F 

82 

22 

0 

IS 

m 

385 

309 


7994 

M 

38 

13 

0 



31 0 

27 1 

(1 

7995 

r 

45 

15 

2 

■ 


25 3 

17 7 

tt 

8020 

M 

82 

17 

0 

11 

0 

26 5 

21 5 

l( 

800-4 

II 

53 

24 

7 

19 

4 

42 0 

32 3 

tt 

8121 

<1 

71 

21 

6 

16 

0 

42 0 

34 8 

<( 

8150 

11 

82 

29 

8 

24 

1 

38 6 

33 6 

Steer 

1 


U 

12 

1 

10 

1 

17 7 

13 7 

Dog 

1 

tt 


17 

2 

14 

4 

44 5 

39 5 

II 

0 

T 


13 

2 

8 

4 

29 1 

25 5 

Cat 

1 

<1 


21 

9 

10 

5 

58 8 

51 7 

<1 

2 



32 

8 

10 

4 

47 4 

43 3 

Hog 

1 



17 

3* 

13 

4 

37 1 

33 3 

l( 

5 

r 


18 

5* 

14 

8 

28 8 

2i 9 

Guinea pigs 

1-3 



34 

8 

18 

1 

30 8 

24 7 

Chickens 

1-5 



6 

0 

5 

4 

17 8 

17 5 


• Medulla oblongata and pons instead of cord 


Comparison of Carbonic Anhydrase of Gray and While Maltet^ ® 
amount of white matter w is greater than the grnx matter in the cord use , 
on the other hand, m the human brain material tlie white matter was 
less than the graj' In the preceding compansons of carbonic an y ras 
of cord and brain it is necessary to establish whether or not the erm 
found may be due solely to proportionate differences in gray an 
matter In Table II is given a companson of the content o 
anhydrase of the white matter, which forms the center of e 













W ASHBY 


239 


ratios of from 0 40 to 32 40 of m hite to gray matter may be found, while m 
the human, as indicated in Table I, I have found a greater content of 
carbonic anhj'drase in the white matter than in the gray 

MSCOSSION 

Since it has been shown that the greater amount of carbonic anhydrase 
per gm m the functionally dominant cerebral area as compared with the 
cord IS not dependent upon any anatomical distnbution of gray and white 
matter, the possibility is suggested that the relationship found may be due 
to differences in the amount of enzyme contamed in the neurons entering 
into the composition of the respective areas This might be true regardless 
of whether the cell processes or the cell body of the neuron establishes 
the preponderance of the enzyme On this basis it would seem probable 
that the carbonic anhydrase content might bear a relationship to the fac- 
tors which cause the functional dominance of the cerebrum over the cord 
As a second possibility the carbomc anhydrase may not be distnbuted 
in the neurons, but maj exist in some accessory cell which may be more 
numerous m the cerebrum than in the cord Dr Stanley Cobb’ suggested 
the oligodendrogha (8) as a possibility, but even so a functional signif- 
icance would be conceivable 

On the other hand the greater amount of carbomc anhydrase present 
might not be a component of a dominant metabolism in the cerebral area 
but merely a result of the metabolism We have onlj to assume that 
the carbomc anhydrase which is present in large amount in the red blood 
cells is readily absorbed by some constituent of the cells of the central 
nervous system Then that area which has the higher metabohc rate 
and consequently demands the greater blood flow would in the course 
of tune acquire the greater supply of carbomc anhydrase One would ex- 
pect that such accrued enzyme in turn might affect the metabohc level of the 
area m question The parallelism between the 0: uptake found by Dixon 
and Meyer and by Bass and the carbonic anhydrase content found by me is 
interesting but based on few data 

SUMMARY 

1 The content of carbomc anhydrase in the cerebral tissue and the cord 
tissue has been compared The content of the cerebral tissue was ap- 
proximately tivice that of the cord Seven species of animals w ere studied 

2 By separate determination of the enzyme content of the white 
matter of human cerebral specimens it was shown that the greater amount 
of enzyme in the cerebrum is not due to the larger proportion of graj mat- 
ter present 


’ Personal communication 
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3 The possibilitj of a functional relationship between the content of 
carbonic anhydrase and "functional levels” of the central nervous system 
IS discussed 

I am indebted to Dr H Karl Langenstrass and Lieutenant-Colonel Carl 
Lind for brain specimens 
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THE EFFECT OF THIOUREA UPON THE METABOLISM OF 
IODINE BY RAT THYROID* 
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(Received for publication, October 23, 1943) 

Recent reports have indicated that thiourea and related compounds act 
as goitrogemc agents (1-4) and may be employed m the treatment of hyper- 
thjToidism (5, 6) It has been proposed that these drugs as well as sulfon- 
anudes act by mterfermg with the manufacture of normal thyroid hormone 
(4) Frankhn and Chaikofif (7) m a recent study in tniro have found that 
sulfanilamide inhibits the conversion of morgamc iodine to orgamcally 
bound lodme m thyroid shces 

The pr^ent experiments were performed m an attempt to elucidate 
further the action of thiourea on thyroid metabolism 

EXPERIMENTAL 

Adult male rats (220 to 270 gm ) were fed a ration containmg 1 per cent 
thiourea for 2 months At the end of this penod, three animals were m- 
jected subcutaneously with 1 5 cc of a solution of radioactive iodide ion 
(mamly 1“*) contauung less than 1 7 of iodine Three normal control rats 
were treated s imil arly 48 hours later the six animals were sacnficed, and 
the thyroid glands dissected and dissolved m 3 cc of 2 n sodium hydroxide 
An ahquot was removed from each for determination of radioactivity 
The hydrolysate was acidified, KI and excess KIOj added, and the iodine 
extracted with CCh The radioactivity remaming in the aqueous layer is 
tabulated as orgamc I‘” in Table I 

In a second senes, immature rats (60 to 80 gm ) were employed These 
were fed the thiourea ration for 17 days Three of them and three of the 
normal controls were mjected with 1 0 7 of radioactive iodide ion The 
thyroids of these ammals were removed 40 hours later, weighed, and 
hydrolyzed m 3 cc of 2 n NaOH 

The lodme of the hydrolysates was then fractionated into iodide ion, 
thyroxme-hke, and duodotyrosme-hke fractions as follows (8-10) 

* This investigation was aided by grants from the Josiah Macy, Jr , Foundation 
and the Commonwealth Fund The radioactive iodine was supphed through the 
kindness of Dr Sherwood Moore of the Mallinokrodt Institute of Radiologj of 
Washington University 
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The hydrolysate i\as made up to 20 per cent •with respect to NaOH and 
the “thyroxine” iodine uas extracted twee wth an equal volume of butyl 
alcohol The butyl alcohol layer was xi ashed twee wth 0 5 volume of 20 
per cent NaOH and the xxashings combined wth the aqueous layer The 

Table I 

Dtstrtbution of Jiadioactivc Iodine in Thyroid Glands of Normal and Thiourea Treated 

Rats 

The TI Bcncs represents glands taken from animals on the thiourea ration and 
the I senes indicates glands from untreated controls The figures given represent 
the values of the different fractions found in thyroid gland, expressed as a percentage 
of the original injected dose of radioactive iodine 


Aslaul No 

Weisht of thyroid 

Toll! !•« 

Orgajuc 1“* 


mg 

Ptrttnt 

per cent 

TI-l 

67 

0 4 

TI senes pooled, < 0 03 

TI2 

6S 

0 1 


TI-3 

56 

0 1 


1-4 

17 

8 2 

I senes pooled, 8 

IS 

20 

10 9 


1-6 

15 

13 5 



Table II 

Pislribuiion of Radioacliie Iodine in Thyroid Glands of Normal and Thiourea Treated 

Rats 

The TI senes represents glands taken from animals on the thiourea ration and 
the I senes indicates glands from untreated controls The figures given represent 
the X alucs of the different fractions found in thj roid gland, expressed as a percentage 
of the onginal injected dose of radioactive iodine 


AniinalNo 

eight of 
thyroid 

Total IMI 

Iin {q Iodide ion 
frecUoD 

juj in 

diiodotyrosme 

fraction 

im 10 
thyronne 
fraction 


mg 

per ant 

per cent 

per cent 

per cent 

TI-7 

18 

0 1 

0 06 

0 016 

0 003 

TI-8 

39 

0 1 

0 10 

0 008 

0 001 

TI 9 

24 

0 1 

0 10 

0 007 


I-IO 

7 

6 3 

1 0 

2 7 

t 2 5 

1-11 

12 

6 4 

1 1 

2 0 

2 7 

I 12 

7 

10 5 

2 5 

6 4 

2 5 


aqueous layer x\as then acidified, KI and excess IHOj added, and t e 
“iodide ion” iodine extracted wth CCli The aqueous remamder wm 
taken ns the “diiodotjTOsme” fraction The results of these expenmen s 
are listed m Table II 

In both senes the thjTOids from the animals u hich were fed thioure^ere 
much heaxuer than the thyroids from the normal anunals ( 1 - 4 ) e 
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expennients reveal that 2 days after injection of radioactive iodine the 
thjToid glands of the thiourea-treated rats do not contain significant 
amounts of radioactive iodine m any form mcludmg nevly formed di- 
lodotyrosine or thyroxine This is m contrast to the normal glands vhich, 
aftei similar treatment vith radioactive iodine, possess considerable quan- 
tities of radioactive iodine, chiefly m organic combination 
Three expenments v ere conducted to ascertain the effect of thiourea on 
the iodine metabolism of isolated rat thjTOids In each experiment the 
pooled thyroid glands of five adult, normal, male rats were incubated at 
38® in 5 X 10“’ M thiourea m a bicarbonate-Rmger’s solution containing 
I'” mth about 0 05 7 of iodide ion Controls vithout thiourea were ear- 
ned out at the same time After 2 hours mcubation, the glands 11 ere 
removed, washed twice mth 2 cc of Rmger’s solution, hydrolyzed, and the 
radioactive iodine of the hydrolj'sate was separated as above mto thyroxine 
and diiodotvrosme fractions The results obtained m these experiments 
revealed that the normal controls contamed orgamcaUy bound radioactive 
iodine The average v'alues obtamed m the control senes for the diiodo- 
tyrosine and thyroxme fractions were 2 7 and 0 9 per cent, respective!}’’, 
of the total The glands meubated with thiourea contamed relatively 
little organically bound radioactive iodine The av’erage values obtained 
m the thiourea senes for the duodot}Tosme and thyroxine fractions were 
0 16 and 0 015 per cent, respectively, of the total I”* 

These studies thus constitute experimental evidence for the statement 
that thiourea interferes with the normal production of thyroid hormone by 
the thyroid gland 


SUMMART 

Radioactive lodme was admimstered to young and adult normal and 
thiourea-fed rats Analysis of the thyroid glands of the thiourea-treated 
rats, 48 hours after the injection of the lodme, revealed no appreciable 
amounts of radioactive lodme m any form, whereas thyroid glands from 
normal rats contained considerable quantities of radioactive iodine, chieS} 
m orgamc combination Expenments tn vitro rev'ealed no substantial 
formation of organically bound radioactive lodme m thjToid glands incu- 
bated with thiourea 
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THE ESTIMATION OF ALLANTOIN IN BLOOD 


By E GORDON YOUNG, CATHERINE CONWAY MacPHERSON, HELEN P 
WENTWORTH, and WINTHROP W HAWICINS 

{From the Department of Biochemutry, Dalhouste University, Halifax, Canada) 
(Received for publication, November 9, 1943) 

The detenrunation of allantoin m blood has not been practicable as a 
routine procedure in the past because of the relatively large amounts of al- 
lantoin required for an estimation Hunter (8) was the first to prove the 
presence of allantom in mammalian blood when he obtamed amounts of 
0 78 mg per 100 ml for the o\ and 0 57 mg for the pig These values u ere 
established by isolation of aUantom from 800 ml of blood and are only 
semiquantitatite in character Fosse etal (6) have apphed their spectro- 
photometnc techmque to the estimation of allantom by the Rmiim-Schryv ei 
reaction, usmg 5 ml of serum deproteimzed by tnchloroacetic acid They 
have recorded values of 1 to 2 7 mg for the o\, calf, horse, sheep, and pig 

In our studies of punne metabohsm the need for a simple colonmetnc 
procedure for allantom in blood was soon appreciated Consequentlj u e 
have attempted over several years to apply the techmque of the Rimim- 
Schryver reaction as developed in this laboratory (10) to the estimation of 
allantoin m blood with a Klett colorimeter The method depends upon the 
hydrolysis of allantom to allantoic acid and this to glyoxyhc acid The 
latter is estimated on the basis of a sensitive color reaction with phenyl- 
hydrazine and potassium femcyamde 

EXPERnrENTAL 

The direct apphcation of the Rinum-Schryi'er reaction to blood filtrates 
deprotemized by tungstic acid was not possible because the color developed 
was too weak for comparison with a standard solution of potassium al- 
lantoate The presence of glucose m relatively large quantity mtroduced a 
further difiSculty owing to osazone formation wth phenylhydrazme The 
problems presented m the apphcation of the Rimmi-Schryver reaction to 
blood were (1) the induction of the phenylhydrazme reaction vuth the 
glyoxyhc acid produced by the acid hydrolysis of allantoic acid m preference 
to that with glucose, and (2) the removal of protem mthout undue dilution 

As recorded m a previous paper (10), the former difficulty can be o\er- 
come by separating the hydrolysis of allantoic acid earned out at 100° in 
0 02 N hydrochlonc acid from the reaction of the glyoxjffic acid so formed 
with phenylhydrazme The latter reaction can then be earned on at a 
temperature 25-30° 
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To o%ercome the second difficultj two deproteimzing agents ha\e been 
suggested, trichloroacetic acid b^ Fosse et al (5) and uranium acetate bj 
Florkin and Bosson (3) '\\ ith solid trichloroacetic acid to a concentration 

of 20 per cent in the blood sample, it w ns possible to de\ elop a color in the 
filtrate comparable w ith the standard The color, how e\ er, w as frequentlj 
off shade and faded much more rapidh than the standard, passing through 
the maximum in less than 5 minutes Trials wuth trichloroacetic acid added 
to the standard showed that its presence decreased the mtensitj of the 
maximum color bj o\cr GO per cent It was therefore rejected as a de- 
proteinizing agent 

Uramum acetate was not found to be suitable, as dilution of the blood 
sample w as necessarj and the j ellow color of excess precipitant interfered in 
the colonmeto 

Tungstomolj bdic, phosphotungstic, and sulfosahcjhc acids were tned 
Sulfosalicj he acid ga^c the best results and interfered with the standard 
reaction onlj to the extent of making the red shade pmker The necessitj 
for careful neutralization of the protem-free filtrate is an undesirable feature 
of this reagent 

Following the procedure of Deutsch, Eggleton, and Eggleton (2) who used 
anhj drous sodium sulfate m the preparation of protem-free tissue axtracts, 
w e ha^ c applied this reagent with satisfncton results to diluted blood The 
technique adopted is as follows 

Visual Colonmeinc Method 

Reagents — 

1 Sodium sulfate, anlij drous solid 

2 Sodium hydroxide, 1 x 

3 Hj^drochlonc acid, 1 x and concentrated 

4 Phenj Ih} drazme hj drochlonde Reerj stallize from 98 per cent 
ethjl alcohol, wash with absolute alcohol, and drj o\er potassium hj- 
droxidc in a desiccator m the dark 0 05 gm in 15 ml of water, prepare 
daih pnor to use 

5 Potassium fernc 3 anide Recrj stalhze twice from water and dn at 

50° (7) 0 25gm in 15 ml of water, prepare dailj 

G Potassium allantoate standard, 20 0 mg in 1000 ml of 0 01 n sodium 
Indroxide, prepare eierj' 3 raontlis For preparation of potassium al- 
lantoate see Young and Conwai (10) , 

Procedure— Pipette 5 ml ofoxalatedwhoIebloodintoaSOml ^ 

10 ml of distilled water, and warm to 40° on a water bath Then add b 
gm of anhydrous Na-SO,, a smaU quantitj at a time while stirring wutn 
mechanical stirrer Stir continuoush at the same temperature for a o 
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30 minutes Filter the mass inth suction as rapidly as possible through a 
2 5 mch Buchner funnel, shou-n as C m Fig 1, fitted with a Whatman No 5 
circle, first moistemng the edge of the paper inth a few drops of the mixture 
The apparatus must be kept u arm by immersion in a water bath at 40° 

Pour the filtrate into a glass tube, 1X3 inches, inth a small hole in the 
bottom plugged inth a fragment of rubber, D (Fig 1) Cool the filtrate in 
an ice-water bath at 0° Stir the mixture occasionally as the NaiSOi lOH-0 
crystalhzes The whole tube should be filled with a crystallme paste if the 
yield of filtrate is to be adequate Keep the tube at 0° until ready to cen- 
trifuge 

The plug is now removed and the tube is wiped diy It is encased with 
Gooch rubber tubmg and placed m a 50 ml centnfuge tube with mdented 
sides, or a tapered one, which v lU allow space for about 5 ml of centrifugate, 
shown as J5 m Fig 1 The tube should be well cushioned m the trunmon 
cup It is spun at about 1000 r p M for 3 to 5 mmutes This should pro- 



Fio 1 Filtration apparatus 
B, centnfuge tube 


Nc^SQ, 10 HjO 
^^Cryslols 

W- — 'Fillrote 
C, Buchner funnel. A, test-tube, D, rubber plug, 


duce about 3 5 ml of clear fluid The centnfuge tube should be immersed 
mthe ice bath agam for about 5 mmutes to be sure that no further Na-SOi 
lOHiO will crystallize at 0° If it does, it may be centnfuged down and the 
flmd decanted 

Pipette an ahquot of 1 ml mto small test-tubes, 0 5X3 mches, graduated 
at 3 ml Add 0 10 ml of 1 n NaOH and mcubate at 37° for 12 hours 
Then add 0 15 ml of 1 N HCl Pipette 1 ml of standard potassium al- 
lantoate mto a similar tube and add 0 05 ml of 1 n HCl AH tubes are now 
placed m a boihng water bath for exactly 2 minutes and then transferred to 
an ice-water bath To each tube add 0 2 ml of phenj Ihydrazine hydro- 
chlonde solution, mix w ell, and place m bath at 30° for 15 mmutes Trans- 
fer to an ice-salt bath at — 10° till mcipient freezing Add to each tube 
0 6 ml of concentrated HCl, previouslj cooled to — 10°, and 0 2 ml of 
KjiFe(CN)6 solution Shake the tubes and allow 30 mmutes for full de- 
velopment of color Fill to the mark with water and compare m a colon- 
meter ivith micro cups and plungers 
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Calculation — 
R. 


100 d 

„ X C. X 0 738 X — X - 
R, VC 


mg alinntom in 100 ml blood 


^slicro R, “ reading of standard 

n, «• " “ unknown 

C, •• mg potassium allantoatc in 1 ml standard 
V «» \olumo of filtrate used 
0 738 *» factor for converting allantoatc to allantoin 
d — degreo of dilution 

c “ factor “ concentration 

As set down above tbis UBunll> becomes 

R. 100 3 

X 0 02 X 0 738 X — X — 

R, 126 

Concentration Ratio — ^Tho degree of concentration brought about bj the 
Bodium sulfate is an important factor in the accuracy of the method The 

TAnm I 


AlUnloIn 


nt /frri 

0 015 
0 020 
0 020 
0 030 
0 030 


c. 

c. 

m{ ptrmt 

mt per mt 

0 01 

0 0U3 

0 02 

0 OlDl 

0 02 

0 0200 

0 02 

1 0 (MOO 

0 02 

0 (M2S 


Average 


Concfntnton ntio 


2 1 
2 1 
2 2 

1 9 

2 1 


2 1 


‘••''•••O'' " 

anhj drous salt passes slow Ij to the hj drated form at or 

(D) 9 parts of nnlijdrous salt absorb 11 parts of water, « pe 

ielit sJuLn at 0» It was first emphasized as a 

these conditions bv Pmkus (9) and ns a means of aqueous 

Egglcton, and Eggleton (2) Thedegree 

aolution IS giien bj them as 2 5 and for tisye 

total solids present in solution as 2 G to 3 2, Uepencunb 

measured niioritnin under our conditions 

To determine the concentration t^^tor for a with 5 ml 

pure aqueous solutions were first tested bj th b ^ 

of solution of know n concentration The ^ ^ calculated 

showing good agreement -"ilh an average obtained, however, m a 

on theoretical assumption The c 

senes of determinations with potassium allantoatc 

tionsfromOGtolOmg per 100 ml 
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We next attempted to determine the concentration factor for other con- 
stituents of blood under our experimental conditions These are given in 
Table II and tliei show considerable differences 
Creatinme, glucose, and allantoate were combmed m one solution and the 
concentration ratios determined They still showed a difference between 
different constituents of the original solution, with allantoate at 2 3, crea- 
tinine at 2 6, and g'ucose at 2 8 This suggests the importance of adsorp- 
tion and the phi sical state of the cr\ stallme mass 
Compansons of the non-protem nitrogen were next made on three pro- 
tein-free blood filtrates obtamed bv (1) tungstic acid and (2) NasSOi pre- 
cipitation calculated on a concentration ratio of 2 5 39 9, 39 9, and 

44 4 mg per 100 ml of blood were obtained with the tungstic acid filtrate, 
and 41 8, 40 0, 47 2 mg per 100 ml of blood wuth NajSOi These figures 
w ould suggest that the factor used w as approximately correct 


Table II 

Concenlration Raitos for Other Blood Constituents tn Pure Solution 


Substance 


C. 

c. 

CoDceDtraUon 

ratio 



perJOOml 

mg per JOO ml 


Urea 

Folin Svedberg j 

49 3 

24 3 

1 5 

Glucose 

Folm-Wu 

1 10 0 

9 7 

2 9 


(( 

12 3 

11 1 

2 7 

Creatinme 

Fohn 

100 

77 8 

2 3 


Smce the presence of protein might exert an effect on the concentration 
ratio, it was desirable to test the behavior of allantom alone added to such a 
solution A 20 per cent ovalbuimn solution was tested with 5 ml and an 
allantom solution containmg 0 125 mg added in place of the water of dilu- 
tion Although there was a shght amount of allantom found in a blank 
determination, this was not large enough to disturb the final values which 
averaged 2 4 for the concentration ratio The method was next apphed to 
a “synthetic” blood made up as follows (per cent composition) hemo- 
globin 13 00, serum albumin 6 00, glucose 0 100, urea 0 060, creatinme 
0 001, NaCl 0 900, KCl 0 030, CaCli 0 025, NaHCOj 0 020, MgHPO* 
3 H 2 O 0 017, MgSO< 7 H 2 O 0 004 The results are recorded in Table III, 
showmg the recovery of added allantom as aboie with a concentration 
factor of 2 1 and 2 5 

The method was next apphed to fresh defibrmated dog and cat blood, as 
shown m Table II’', wuth a concentration ratio of 25 m calculation In 
other single deterrmnations on x anous specimens of dog blood w e have ob- 
tained values of 1 2, 1 3, 1 6, 1 6, 1 7 
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The figures in Table I'\'' and as given above show that the normal fluctua- 
tions of allantom in dog blood are between 0 8 and 1 7 mg per 100 ml 
The one figure of 7 8 suggests some abnormalitj The figures for cat blood 
seem to be somewhat higher We hai e also follow ed for 1 w eek the daily 
fluctuation in the blood allantom of tw o ordinary dogs fed Punna dog chon 
The range w as betw een 1 2 and 2 3 mg for both ammals Our values there- 
fore agree in order of magnitude with those given by Posse, Brunei, and 
Thomas (G) at 1 to 2 7 mg for scrum in the on, calf, horse, sheep, and pig 
as determined photocolonmetncally 


Table III 

Recovery of AUantoin Added to Synthetic Blood 


AlUntom odd^ 

Allitiloia concentration 1 

Reco%er> 

2A 1 

11 

2A 

21 

tnj ftr JOO ml 

fnf f>tf 100 ml ' 

mg 100 nf 

1 cent 

/>tr cent 

0 

0 92 

1 10 



2 0 

2 6S 

3 19 

88 

104 

i 0 

4 20 

500 

82 

97 


Table IV 

Recovery of \llantoin Added to Dcfibnnalcd Blood 


Animal ^ 

Original ! 

Added ' 

1 Total 

RccoN er> 


Ptg ptr 100 m! 

mg ptr too ml 

1 Mg ptr JOO ml 

mg 

per erni 

Dog 1 ^ 

1 11 

2 0 i 

3 10 

1 99 

100 

“ 2 

0 82 

2 0 

2 88 

2 06 

103 

" 3 

0 92 

3 0 

4 56 

3 64 

121 

“ 4 

7 80 

2 56 

i 10 18 

1 2 38 

93 

Cat 1 

2 40 

2 56 1 

4 89 

2 49 

97 

“ 2 

1 09 

4 56 1 

4 58 

1 3 49 

77 

3 ' 

3 17 

2 56 1 

1 5 60 

2 43 

95 


As a pure bred Dalmatian coach hound was available, our interests led 
us to determine the blood allantom If present in quantit5 , unc acid w ould 
interfere with the allantom estimation, consequently the latter was deter- 
mined by Pohn’s direct procedure (4) after deprotemization with sodium 
sulfate The values are recorded in Table V, and it is interesting to note 
that the level of allantom in Dalmatian blood is low er than in ordmarj' dog 
blood The level of unc acid w ould appear to be about the same as m the 
ordinary dog 

Although there is still some uncertainty as to the correct concentratio 
factor to be used in calculation, the method as outhned proiades a simp e 
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technique for the estimation of allantoin m blood mthout the use of a spec- 
trophotometer It IS apphcable to metabohc studies and has thus been 
used for several j ears in this laboratory The accuracy of the method is 
probably about ±10 per cent but the error at times has appeared to be 
greater Duphcate determinations agree well withm themselves 


Table V 

Punnes tn BlooS of Dalmaitan Coach Hound 


Bate 

AlIantoiD 1 

Uric acid 

ifar 

mg per 100 ml 

mg per 100 ml 

18 

0 42 

0 24 

19 , 

0 23 

0 16 

20 

0 45 

0 12 

21 

0 50 

0 17 

Average 

0 40 

0 17 


Table VI 

Effect of Tungstate on Optical Density 


AUaotom 

Aqueous preparation 1 

Tuofstate preparation 

Optical density 

X 10* 

Optical density 
- bUnk X 10* 

Optical density i 
X 10* 

Optical density 
- blank X 10* 

mg 

0 

4 

1 

1 

0 

7 

0 

0 00025 

17 

13 

18 

11 

0 0005 

24 

20 

28 

21 

0 00075 

37 

33 

40 

33 

0 001 

42 

38 

45 

38 


Photocolonmelnc Method 

Smce the mam difficulty in the visual colonmetnc method was one of 
excess dilution, the application to a photocolonmetnc method w as obiuously 
a solution We have used the Lumetron photoelectric colonmeter, model 
401, manufactured bj^ the Photoxolt Corporation of New York Blood 
protems were precipitated by the Fohn-Wu method with sodium tungstate 
and sulfuric acid with 1 ml of blood The mixture was well shaken and 
allowed to stand for 15 mmutes before filtration Aliquots of 1 ml were 
treated exactly as described for the centrifugate in the method given above, 
except that the final volume of dilution was 5 ml instead of 3 ml 
The greatest optical density w as obtamed at 520 my w ax e-length with a 
potassium allantoate standard and a senes of filters The region of greatest 
absorption, however, e-rtended between 450 and 550 mu The standard 
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B-530 m/i Coming filter supplied nith the instrument was found suitable 
for routme estimations The Rimmi-Schiyver reaction has previously 
been shown to obey Beer’s law and this was again confirmed for the lower 
limits of color with about 0 5 7 of allantoate 
The effect of the presence of tungstic acid on the optical density was next 
investigated Table VI shows that m the form of its sodium salt it does 
not affect the results 5 ml portions of the allantom solution were diluted 
in two senes to 50 ml wnth water and with tungstic acid as m the regular 
procedure 25 ml of this solution weie then neutralized with NaOH and 
diluted to 50 ml with water 1ml was used for a determmation Most 
of the tungstic acid, however, is removed by the blood proteins, so that 
neutralization is not necessary when the method is apphed to blood 



Fig 2 Photocolonmotno reference curve of the reaction in pure solution 


Standard reference curves on solutions of pure allantom were next pre- 
pared Fig 2 IS a typical result of plotting optical density mmus the blank 
against concentration in mg per 100 ml The result w as alw ays a straight 
line but the optical density of the blank x aned with each experiment and 
the corresponding values for the allantom vaned accordingly The greatest 
variation was apparent at a concentration of 2 mg per cent It is therefore 
recommended that standards be run along with the blood filtrates 

Several determinations were earned out on blood filtrates to which allan- 
tom had been added Thus one specimen of dog blood had mitially 1 28 
mg per 100 ml After 1 mg of allantom w as added, 2 33 mg were obtained, 
a recoveiy of 105 6 per cent Another specimen had initially 2 26 mg 
After addition of 2 mg of allantom it show ed 4 26 mg or a recovery of 
100 per cent It is thus possible to apply the method to the photoelectnc 
colonmeter with satisfactory results 
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SUMMARY 

A Visual colonmetnc method for the estimation of allantom m blood 
based on the Rimmi-Schryver reaction with an approximate accuracy of 
±10 per cent has been developed, requmng 5 ml of blood Sodium sulfate 
IS used as a protein precipitant and concentrating agent The concentra- 
tion ratio for allantom has been mvestigated 
A photoelectnc colonmetnc method has also been developed with 1 ml 
of blood with tungstic acid as protein precipitant 
Allantom has been found to vary between 0 8 and 2 3 mg per 100 ml of 
dog blood In the Dalmatian the average concentration is 0 4 mg 

We wish to express our thanks and mdebtedness to the Bantmg Research 
Foundation for financial assistance dunng the course of this mvestigation 
Grateful acknowledgment is also made to Dr H B CoUier for adnce m 
the development of the photocolonmetnc method 
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MICROESTIMATION OF THE INORGANIC CONSTITUENTS 
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Hospital of Brooklyn, Brooklyn, Hew York) 

(Received for publication, October 27, 1943) 

This paper reports a scheme of bone analysis for small samples which 
need not be m powder form It was devised to analyze the small bones 
of low ash content which were encountered m expenments on the com- 
position' of bone in young rats on experimental diets which produced 
nckets and poor growth Such bones, contammg relatively large amounts 
of organic matter, are difficult to reduce to powder, which is necessary for 
most methods of carbonate analysis 

The design of this scheme permits the various analyses to be made easily 
and precisely in a serial fashion on a smgle specimen weighing as little as 
5 mg The decomposition of the carbonates m the specunen for the 
detenmnation of carbonate results m an HCl solution of the bone sample 
This solution is made to a definite volume and aliquot portions are used 
for the other analytical procedures Time is saved, smce only one n eighing 
IS required and the carbonate analysis and the solution of the bone are 
accomphshed simultaneously 

Calcium may be determined m quantities as mmute as 10 y with an error 
of ±0 1 7 (1 per cent), phosphorus in even smaller amounts mth equal 
precision, 35 y of carbonate carbon to 1 part in 1000 (as little as 3 5 7 of 
carbonate carbon to 1 part per 100) (1-3), and concentrations of lower than 
0 02 milliequivalent of total base with less than a 2 per eent error IVith 
larger amounts of sample, the precision of the methods mereases 

This procedure may also be used in analyzmg the individual teeth of 
young rats, urmary calculi, and other calcified structures when only small 
samples are available 

Preparation of Bone 

The bone is removed from the animal and dissected clean of all adhering 
soft tissue Slits are made longitudinally through the diaphysis and 
epiphyses to render extraction more effective The bone is extracted t\\ ice 

' A report partially presented before the Division of Biological Chemistry at the 
104th meeting of the American Chemical Societ} at Buffalo, September 7-11, 1942 
(see also Federation Proc , 2, 70 (1943)) 
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Tvith alcohol and once mth ether for overnight periods The bone is dried 
at 105° overnight in an electric oven At this stage, either sections of the 
bone are removed for analysis or the entire bone is analyzed without the 
necessity of powdenng Previous to weighing, the samples are dried at 
105° for an hour and cooled to room temperature in a desiccator 

Delcrmtnalton of Carbonale 

Carbonate is determined by a modification of the manometnc carbon 
method reported by Van Slyke ct al (1, 2) In the procedure described 
below, the sample is subjected to decomposition with HCl and not to com- 
bustion w ith an oxidizing solution 

The apparatus and the principles of the method are described by Van 
Slj ke and Folch (2) Certain details of the procedure and apparatus are 
of necessity modified for our purposes By incorporating MacFadyen’s 
(3) modification for preparing the reagents, it is possible to measure the 
pressure of the e% ohmd COj at 0 5 cc volume and to estimate even more 
precisely micro quantities of carbonate 
Apparaius — The apparatus is diagrammed m Figs 1 to 5 of Van Slyke 
and Folch (2) Except for the addition of a water-cooled condenser around 
connecting tube Q (Fig 1), the apparatus and accessorj’ equipment are that 
of Van Slyke and Folch The water jacket sen es to condense vapors pro- 
duced during the decomposition, prev'cnting them from blocking connectmg 
abe Q and from entermg the manometnc chamber C, where they would 
change the volume of the absorbing alkali solution 
The decomposition tubes are made of Pyrex w ith a 14/35 standard taper 
female joint to fit the 14/35 male joint on the water-jacketed tube * For 
the sake of correct terminology, the combustion tubes of Van Slyke are 
referred to.here ns decomposition tubes 

The micro burner and the connectmg tube with its fitted decomposition 
tube are all clamped to a single ring-stand 

For purposes of clarity and reference, the symbols and designations ap- 
plied by Van Slyke and Folch (2) are retamed in the discussion 
Reagents — 

3 N HCl Redistilled HCl is appropnately diluted to3N±02N 
CO-free, approximately 0 5 n NaOH ’ A stock solution of concentrated 
alkali IS prepared by dissolving c p NaOH m an equal weight of distil e 

•Water jacketed eonneoting tube and decomposition tubes made by Eimer and 

Amend, New York j i. o i ntic 

• MaoFadyen (3) has reported that by preparing the 0 6 N NaOH and the - ^ ft 
acid reagents m 25 per eent NaCl solution the gas may be measured at the 
volume to give results precise to 1 part per thousand This procedure is rec 
mended for general use and particularly for micro samples 
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water, it is stored in a parafBn-lined, rubber-stoppered bottle protected by- 
soda lime Tbe carbonate is permitted to settle out To prepare the 0 5 
N alkali, 3 cc of the clear, carbonate-free, concentrated NaOH solution are 
nmed mth 100 cc of distilled water which has just been freed of CO* by 
adding 1 drop of 0 1 N HCl and boiling The solution is stored in the soda 
lime-protected cylinder ((2) Fig 3, D) which is provided with a rubber tip 

5 N NaOH solution 30 cc of stock, saturated NaOH solution are 
diluted to 100 cc wuth distilled water and stored m a cylinder ((2) Fig 
3, D) without a rubber tip 

2 N lactic acid ^ 

Sampling — The sample (powder, section, or whole bone) is weighed by 
difference on a counterbalanced scoop as descnbed by Van Slj’-ke and 
Folch ((2) Fig 5) A number of samples for a day’s analj sis are w eighed 
out and transferred to their respectiie decomposition tubes, which are 
closed with rubber stoppers and placed upnght m a wire basket until 
analyzed 

Delerminahon of CO* — Several bones can be decomposed sunultaneously 
if enough apparatus is available TOen leady, capryhc alcohol (5 drops) 
IS added to the sample to reduce foammg, and the decomposition tube T is 
fitted mto the connectmg tube Q The connectmg tube is joined glass to 
glass by heavj vv ailed rubber tubing with the side arm of the manometnc 
chamber C, which is full of mercurj ((2) Fig 1) The decomposition tube 
and the connecting tube are clamped securelv onto the nng-stand and water 
is circulated through the condenser on connecting tube Q (Fig 1) 

The technique of the analjsis from here on follows e'vactlj’- that of ^ an 
Slyke and Folch, up to the point where these authors add the chromic acid 
o-vidizmg mixture Instead of this a measured volume of 3 n HCl is pi- 
petted into cup F and run into T, and the cock here is closed The v olume 
of HCl used depends on the size of the sample and the v olume to which the 
HCl solution IS to be made prior to subsequent analysis In this work, 

5 cc of the acid w ere found conv enient The micio burner is brought under 
tube T and the tube is heated Bubbles of CO- from the decomposmg bone 
will nse through the HCl Heatmg must be gentle to av oid bumpmg the 
HCl mto the connectmg tube Q and chamber C As decomposition pro- 
ceeds, the mercui-j will fall somewhat in C and nse slightlj’ in the ma- 
nometer The evoh ed CO 2 is absorbed bj' the alkah m C The nse of 
mercury in the manometei is due to the vapor pressure of water and to the 
expansion of the lesidual unabsoibed gases in the sjstem when the tube is 
heated Should the mercury reach the top of the manometer, it mdicates 
either insufficient prehminarj ehmination of atmosphenc gases, leaking 
apparatus, or CO* in excess of the amount which can be absorbed bv the 
alkali in C 
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Heating is continued for 10 to 15 minutes, until decomposition is com- 
plete Any particles of bone which are mechanically carried up the tube 
out of reach of the HCl can be washed back into the acid by shaking the 
tube If whole bone is used, the time required for decomposition may be 
reduced by breakmg the weighed bone into fragments m the decomposition 
tube This operation may be accomplished without loss by means of a 
stiff glass rod w ith fire-pohshed ends, passed through a cork fitted into the 
decomposition tube 



Fio 1 Diagram show mg decomposition tube and connecting tube Q with water 
cooled condenser 

Decomposition is complete when the bone dissolves completely except 
for a few isolated particles of insoluble organic matter The flame is 
removed and the meicury in C is lowered to the 50 cc mark and raised to 
about the 10 cc mark by alternatelj lowering and raising the levelmgbu 

L with cock a open Twentj to twentj-fite repetitions of this mampu 
tion serve to transfer the et oh od COs quantitatn ely into the absorption 
alkali in chamber C An alternate procedure for accomplishing this 
tion IS described by Van Slyke ((2) Fig 4, B) Cock b is then closed, the 
condenser water shut off, and connecting tube Q disconnected from e 

side arm of C , j i ,^mpd 

The CO. absorbed by the 0 5 n NaOH m the chamber is then determmeu 

as described by Van Slyke and Folch 
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A blank is usually run routinely once or twice a week and whenever new 
reagents are prepared For the blank analysis, 5 drops of capryhc alcohol 
are placed in an empty decomposition tube and the procedure is carried 
through exactly as described above The blank is usually set up first and 
the hone samples eighed out durmg the boilmg stage 
The HCl solution of the bone, to be used for the analysis of other ele- 
ments, IS quantitatively transferred through Whatman No 42 filter paper 
into a volumetnc flask and made to a convenient volume, dependmg on the 
amount of sample taken and its composition The connectmg tube Q 
and decomposition tube T are rmsed wath distilled water from a wash 
bottle and these washmgs added to the solution m the volumetnc flask 
The clear solution m the flask is well mixed and ahquot portions of this are 

Table I 


Esitmaiton of Carhonate 


Liquid standard 1 cc ■■ 100 volumes per cent COt 

Sobd standard 100 ms « 2 00 mg COj 

99 8 

2 00 

100 0 

1 98 

100 1 

1 98 

100 0 

1 99 

99 7 

2 00 

99 8 

1 97 

99 9 

1 99 

99 7 

1 99 

99 9 

1 99 

99 9 

2 00 


used for the subsequent analysis of Ca, P, total base, and NH 4 + In these 
mvestigations the solution was usually made to 50 0 cc 
Calculations — 

Mg COj in bone = PcOt X factor COi 
PcOt •= Pi — Pi — c 
c ^ Pi — Pi for blank analysis 

The factors for calculatmg results m terms of carbon are given by Van 
Slyke and Folch (2) These are multiphed by 4 997 to give the mg of 
CO 3 and by 3 664 to give the mg of CO 2 (If the NaCl-saturated solutions 
of MacFadyen (3) are used, the factors should be taken from his tables ) 
The procedure was first checked with both liquid and solid carbonate 
standards The sohd carbonate standards u ere made up by imxing thor- 
oughly with a mortar and pestle a weighed portion of sodium carbonate 
wath a greater weight of NaCl A known weight of the mixture was taken 
for analysis The results appear m Table I The liquid standards show 
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the hjgh degree of precision attainable The results wth the sohd stand- 
ards probably suffer from the difficulty in prepanng the mixture of a small 


Table II 


Composttton of Bone 

In Determination I one femur from each rat was analj zed bj the authors’ micro 
procedures for Ca and P In Determination II one femur from each rat was ana- 
lyzed by gravimetric macroproccdures (5) for Ca and P 


Determination I 


Determination II* 


Litter and dietary 
proup 

CIRht 
of dry 
bone 

COi 

Ca 

P 

Reside 

ubI 

Ca Pt 

Welpht 
of dry 
bone 

COi 

Ca 

P 

Resid- 

aal 

CaJt 


mj 

ftr 

cent 

ftr 

cent 

fer 

cent 


mg 

per cent 

percent 

Percent 


I (1st day) 

43 G 


15 8 

6 9G 

2 08 

43 9 

1 95 

15 3 

6 83 

2 03 

K-A 



12 3 

5 74 

1 90 

71 G 

2 11 

11 9 

5 58 

1 S9 

G-B 


3 65 


7 65 

1 90 

95 1 

3 87 

17 2 

7 48 

1 9a 

I-A + vitamin 


1 83 

12 2 

5 77 

1 92 

Em 

1 83 

12 7 

5 94 

1 93 

D 

I-B -f Mtamin 




7 82 

1 90 

108 2 

4 13 

IS 6 

7 88 

200 

D 

K-C -} vitamin 

S2 2 


14 4 

G 56 

1 97 


2 32 


7 20 

1 93 

D 











H CJ 

02 1 

2 24 

13 8 

mBI 

1 68 

6C 7 

2 38 

13 5 

6 88 

1 73 

i-ct 

57 7 

2 13 

12 1 

6 58 

1 03 

02 3 

2 20 

12 3 

6 28 

1 69 

J ct 

58 1 

2 47 

E^l 

G IS 

1 71 

GO 5 

2 43 

12 4 

6 06 

1 77 

v-Ct 

67 1 


12 8 

6 97 

1 62 

70 0 

2 27 

12 4 

7 12 

1 54 

Mcan§ 


2 489 


6 7G3 

1 837 


2 519 


6 725 

1 846 

Absolute amounts of component in sample, 





mg 












• The entire femur was used for carbonate estimation and the solution obtained 
containing the Ca and P of the entire bone was used for the subsequent gravimetric 
procedure 

t Total Ca — (Ca combined vith CO») , . . , \ 

' p (weight ratio) (G) 

t The bones nhose composition is shown in this table arc from experiments which 
are prepared for publication The low values of the residual Ca P ratios in dietary 
Group C will be discussed in a subsequent paper 

I P, the probability that the difference between two means is due to chance, is 
0 32 for COi, 0 93 for Ca, 0 75 for P, and 0 69 for residual Ca P calculated by the 
statistical method of Fisher (4) ns applied to small samples 


amount of sodium carbonate mth a larger amount of NaCl homogeneous y 
and without loss , 

Another type of check was performed by comparmg the results obtaw® 
from the analysis of both the nght and left femurs of an animal ® 
piecision obtained is appaient from an inspection of Table H, front 
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it IS seen that the slight difference between the mean values is without 
statistical significance (4) 

The question arose during the course of the experiment as to the possi- 
bihty of decarboxylation of some of the organic components of the bone 
durmg boihng ivith HCl Such an occurrence would result m mcreased 
CO 2 values To mvestigate this possibility, samples of bone pow der were 
analyzed by the technique described here and by the method of Shear and 
Kramer (6) The latter method cannot be subjected to the cnticism ex- 
pressed above because decomposition takes place at room temperature 
In Table III, the values obtamed by the two methods are compared It 
IS readdy seen that the objection is not substantiated by the data 


Table III 

Comparison of Results of Carbonate Analysts of Bone by Methods of Shear and Kramer 

(e) and Authors 


All analyses were performed on the same bone 


Method 

Weight of s^p!e 

CO. 1 

CO. 


mt 

m 

Ptr cent 

Shear and Kramer 

IX 7 

0 203 

1 74 


43 s 

0 738 

1 69 


36 2 

0 619 

1 71 


21 I 

0 358 

1 70 


27 3 

0 470 



19 2 

0 321 


Authors 

20 3 

0 328 



19 7 

0 311 

I 1 58 


27 9 

0 447 

1 60 


38 4 

0 609 

1 59 


31 3 

0 501 

1 60 


24 7 

0 396 

1 60 


With 0 14 mg of carbonate carbon, a precision of 1 part per 1000 is 
possible when the gas is measured at the 2 0 cc volume This is the quan- 
tity found m 15 to 60 mg of bone, depending on the carbonate content 
Such amounts were used m our experiments in which this scheme was 
employed and consequently our reagents were prepared m distilled water 
One-fourth of the above amounts may be deterinmed bj usmg hlac- 
Fadyen’s (3) reagents, which enable the pressure of the gas to be measured 
at the 0 5 cc volume wnth similar precision 

Determination of Calcium 

Calcium IS determined on ahquot portions of the solution by the direct 
acidimetnc method of Sobel and Sklerskj (7) with the mdicator mixture 
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descnbed by Ma and Zuazaga (8) For smaller samples, the modification 
described by Sobel and Sobel (9) is used The apparatus and reagents are 
those descnbed m the abo\ e papers except that Ma and Zuazaga ’s mdicator 
replaced Patterson’s mdicator This consists of 10 parts of a 0 1 per cent 
alcoholic solution of brom-cresol green n ith 2 parts of a 0 1 per cent al- 
coholic solution of methyl red For the submicromethod, this is diluted 
1 10 M’lth distilled nater The color of the mdicator is green m alkaline 
solution and goes through a colorless stage to a salmon-pink at a louer pH 
Procedure — Transfer 1 or 2 cc of bone solution to a 15 cc Pyrex, conical 
centrifuge tube and add 2 cc of saturated ammonium oxalate solution 
Adjust the solution to the j ellow of thymol blue (pH 3 0 to 4 0) mth ddute 
ammonia and proceed as descnbed by Sobel and Sklersky (7) A known 
amount of calcium standard solution is analyzed mth each set of deter- 
mmations of bone calcium as a check on reagents and technique 

Table IV 

Dclcrminatton of Calcium in Presence of Phosphate 


The values arc expressed in mg 


r added 

Ca found* 

P added 

Ca found* 

None 

0 200 

0 400 

0 202 

(( 

0 200 

0 400 

0 200 

<1 

0 202 

0 400 

0 200 

<( 

0 198 

0 400 

0 19S 

0 400 

0 200 

0 400 

0 196 


• Ca present = 0 200 mg 


By the use of conical centrifuge tubes of only 4 cc capacity, a Rehberg 
capillary micro burette, and bj reducing the volumes to one-tenth and 
dilutmg the indicator solution 10 times, as little as 10 y of calcium maj be 
estimated m 0 1 cc of solution (Sobel and Sobel (9)) 

Calculation — 

Mg Ca in bone sample 

cc acid X normality of acid X 20 X total volume of bone solution 
volume of bone solution employed in analysis 

McComas and Rieman (10, 11) show that under conditions sunilar to 
those employed here only 0 0005 mv of calcium remains unprecipitated in 
200 cc of solution at pH 3 7 containmg 8 mM of excess oxalate If these 
data are applied to our procedure, only 0 001 mg of calcium or 0 0001 mg 
’ll the submicromethod remains unprecipitated from the bone solution 
analyzed The work of these authors corroborates the statement o 
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Washburn and Shear (5) that a pH of 3 to 4 is optimal for precipifatmg 
calcium as the o\alate 

The method was checked by analyzmg known calcium solutions The 
mterference of phosphate m our procedure appears to be without sigmfi- 
cance according to the data obtamed and presented m Table IV The 
average error of duplicate estimations was withm 1 per cent The right 
and left femurs of a number of experimental animals were analyzed by the 
gravimetric procedure of Washburn and Shear (5) and the values obtamed 
compared favorably vith those found by the acidimetnc procedure as 
shovTi in Table II 


Detemunatton of Phosphorus 

The estimation of phosphorus is performed on ahquot portions of the 
bone solution by an adaptation of the Fiske-Subbarow method (12) 
Reagents — These are prepared as described by Fiske and Subbarow (12) 
2 5 per cent ammonium molybdate solution m approximately 0 5 n 
sulfunc acid (Molybdate I) 

0 25 per cent l-amino-2-naphthol-4-sulfonic acid solution Filter if 
necessary and store in a dark bottle away from the hght Prepare fresh 
every month, or when the solution has a yellow appearance 
Stock phosphorus standard solution 1 cc contains 0 008 mg of P 
Procedure — Transfer 0 1 or 0 2 cc of bone solution to a Ivramer-Gittle- 
man tube graduated at 2 cc Add 0 2 cc of Molybdate I and 0 1 cc of 
the ammonaphtholsulfonic acid solution Dilute to the mark, mix, and read 
agamst a simultaneously prepared standard m a Bausch and Lomb Du- 
boscq rmcro colorimeter aftei 15 to 20 mmutes The bone solution is 
diluted if the color is too mtense The standard is prepared simultaneously 
by transferrmg 5 cc of the phosphorus ivorkmg standard (5 cc ~ 0 04 mg 
of P) to a 10 cc glass-stoppered volumetric flask Add 1 cc of Molj bdate I 
and 0 4 cc of ammonaphtholsulfomc acid, dilute to the mark, and use after 
15 minutes A photoelectric colorimeter wath an orange filter may be used 

In this case the appropriate aliquot portion of the bone solution is placed in 
a glass-stoppered 10 cc volumetnc flask and the procedure descnbed for the 
standard is followed 

Calculation — ^By visual colonmeter 

Mg F in aliquot 

^ r eading of stenda r d ^ volume of unknown ^ p standard 

reading of unknox\ n volume of standard 

_ total volume of bone solution 

Mg P ,n bone = mg P in ahquot X employed in analjma 



264 


INOHGANIC CONSTITOENTS OF BONE 


The results obtained by tlus method were cliecked by the analj-sis of 
known amounts of phosphorus and also by the gravimetnc method of 
Washburn and Shear on femurs from the opposite side of the anunal The 
data are presented in Table II and sho^ close correspondence for the ti\o 
methods 

Neither precipitation, turbidity, off color solutions, nor other difficulties 
ucre encountered wth the above procedure in contrast to other vanations 
attempted 

Determination of Total Base 

The electrodialj'sis method of Keys (13), modified by Sobel, Yuska, and 
Cohen (14), is used The modified construction of the apparatus (Fig 2) 
and the technique described have been used with good results in this 



Fio 2 Construction of olcctrodioljsis apparatus used for total base estimation 

laboratory for a number of j ears In this modification bone acid is em- 
ployed to trap the cations and Ma and Zuazaga’s mdicator is used 

Apparatus — The modified design of the apparatus is shoira m I’lg 2 
The cathode electrodes are obtainable from the Macalaster-Bicknell Com- 
pany, Cambndge, Massachusetts 

Procedure — Details of the apparatus are gii en in Fig 2 5 cc of doubly 

distilled nater are placed in the outer chamber and 2 cc of 2 per cent bone 
acid in the inner cathode chamber The apparatus is assembled, the 
circuit IS closed, and electrodialysis proceeds for 1 hour The current is 
then stopped, the acid m the inner chamber aspirated off, and the mercury 
and the chamber are v ashed with several portions of doubly distdled v ater 
The blank is thus eliminated bj a preliminary electrodialysis (15) 2 cc of 

2 per cent bone acid are again placed in the inner chamber A volume of 
bone solution containing about 0 02 milliequu alent of total base is pipetted 
into the purified, doublj distilled water in the outer chamber It is un- 
portant that a sufficient e\cess of acid is present in the inner chamber to 
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trap all the cations Electrodialysis is started through a 500 ohm resistance 
for the first 20 minutes and contmued for 3 hours at full current The cur- 
rent is stopped, the cathode electrode removed and rmsed uith 1 cc of 
doubly distilled %vatei, and 1 drop of Ma and Zuazaga’s mdicator is added 
to the mner chambei which is removed and titrated vuth 0 0100 n HCl to 
match the color of 2 cc of bone acid with the indicator diluted to the same 
volume 

Cdlculalion — 

M eq total base m bone 

cc acid X normality of acid X total volume of bone solution 
volume of bone solution used for analysis 

The values for total base agree with those reported m the hterature, 
rangmg up to about 5 pei cent m excess of the calcium present (Data 
will be presented elsevheie ) In five sets of dupheate detennmations 
on electrodialyzed calcium standards the following amounts of calcium 
were recovered (0 500 mg present) 0 500, 0 500, 0 502, 0 500, 0 496, 
0 494, 0 498,0 498,0 500,0 500 

CoTTeclion to Total Base for Avmoma 

Ammonia present m the HCI solution, either preformed m the bone or 
formed by hydrolysis of orgamc matter m the HCl treatment, is measured 
with the total base by electrodialysis In order to estimate the fixed base 
the ammoma was determined and the amount subtracted from the dialyzed 
bases 

The ammonia was determined by a submicro modification m routme use 
m this laboratory for the estimation of urea by aeration based on the pnn- 
ciple of Van Slyke and Cullen (16), with bone acid to trap ammonia as 
employed by Sobel, Yuska, and Cohen (14) Pyrex test-tubes, wath side 
arm, of 10 cc capacity aie used, fitted with Pyrex tubmg (5 mm outside 
diameter, 3 mm bore, and 18 cm long) w'hich wall pass through a No 0 soft 
rubber stopper 2 cc of 2 per cent boric acid-indicator solution are placed 
m the rear tube 5 cc of a nuxture of 7 parts of 0 1 per cent alcohohe brom- 
cresol green 1 part of 0 1 per cent alcohohe methyl red are added to every 
100 cc of 2 per cent boric acid solution 0 1 cc of bone solution is trans- 
ferred to the front tube -H 3 drops of capryhc alcohol, and 1 0 cc of half 
saturated K2CO3 is added to hberate the NH3 from solution , the apparatus 
is aerated and the ammonia trapped m bone acid and titrated wuth 0 0714 
N HCl with a capiUary micro burette 

No relation was found between the amount of ammoma and total base 
present 
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SUMMABl 

A scheme of analysis for bone and other calcified material is descnbed 
■which IS senal m operation 

This scheme requires only one w cighcd specimen for analj sis of COj, Ca, 
P, and total base 

A complete analysis can be easily performed on as little as 5 rag of 
sample 

hlaterial m any form or shape can be accommodated for analj'sis 

Wo ■WTsh to acknow ledge the assistance of Mr Jerome Weinstein in the 
early phases of the in-vestigntion 
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THE DISTRIBUTION OF CHOLINESTERASE IN THE BOVINE 

RETINA 

Bt CHRISTIAN B ANFINSEN 

(From the Department of Biological Chemistry, Harvard Medical School, Boston) 
(Received for publication, October 13, 1943) 

It IS recognized from the embryological development of the retma that 
this tissue IS a phylogenetic denvative of the bram One may visuahze the 
retina as composed of a succession of layers of tissue of var 3 nng morphologi- 
cal composition The structures constituting these layers are typical 
examples of similai structures m the bram itself and include a receptor 
system, the rods and cones, m addition to ceU bodies, transmittmg fibers, 
and S 3 mapses Thus, the results obtamed from a study of the distnbution 
of substances concerned \nth metabohc processes in the layers of the retma 
are of potenbal value for two reasons First, the results may be considered 
m relation to the physiological functions of the retina as the organ of vision 
Second, results obtamed on isolated portions of the nervous structures of 
the retina may give information of more general apphcation to other parts 
of the central nervous system not available for such precise separation and 
study 

That chemical substances hberated at autonomic nerve endmgs may act 
as mediators of the nervous impulse is supported by a large body of evi- 
dence However, m the case of neuromuscular junctions, ganghonic 
Bjmapses, and synapses in the central nervous system, conduction occurs 
at such a rate that, for the pioduction of discrete impulses withm the short 
periods of time requued, the chenucal mediator must be formed, released, 
and removed from the site of action with extreme rapidity If chohnes- 
terase is the specific agent by which the mediator, acetylchohne, is removed, 
it is probably present m high concentrations at localized pomts in order that 
it may effectively destroy this substance dunng the requued tune 

Since 1937, evidence has accumulated favonng the locahzation of the 
enzjme This evidence has been adequately reviewed and need not be 
discussed here (1, 2) Such studies, hitherto, have been pnmanlj" con- 
cerned -with the neuiomuscular junction and the ganghomc synapse 
Although Nachmansohn has determined the gross distribution of chohnes- 
terase in the central neivous system, histochemical studies directly relating 
structure and concentration of cholmesterase m mammahan nervous 
tissue have not been performed 

The retma is one of the few tissues of the mammalian organism in 
sjTiaptic structures aie to be found m a reasonably isolated and c 
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form It has been possible, in the present studies, to obtain sections of 
letina rich in s> nap tic matenal and to compare then cholinesterase activity 
i\ ith the activity of sections containing few or no sj naptic structures 

Methods 

The technical details involved in the prepaiation of horizontal retinal 
sections and in the identification of the layers present have been presented 
in a previous paper (3) ‘ The sections were weighed after treatment with 
Njlene and staining The iveighings were made on the quartz torsion 
balance desenbed by Lowry (4) 

The present studies were earned out c\clusi\elj with bovine retinas 
The results reported for the receptor laj'cr, thcrefoic, represent pure rod 
matenal 

Since it IS difficult to prepare retinal sections which are entirely homo 
geneous ivith regard to cytological structures present, camera lucida draw- 
ings w ere made of the sections for which this w as not possible The w eight 
of any layer present m a section could then be calculated from the total 
weight of the section and from the relative area, determined by weighing 
paper cut-outs of the camera lucida projections In the calculation of these 
layer weights, the assumption was made that all layers were of the same 
lipid-free, dry weight density 

The micro titnmctnc method of Ghck (5) was used for the determination 
of chohnesterase activity This method depends upon an incubation of the 
tissue section with acctvlcholine and veronal buffer wath subsequent back 
titration with HCl to determine the extent of acetate liberation The 
quantities of reagents recommended by Ghck weie slightly mcreased 
Thus, the tissue sections were extracted with 10 G c mm of 30 per cent 
glj cerol, to Avhicli were added, after the required extraction penod, 13 6 
c mm of the substrate-buffer solution After incubation for a suitable 
length of time at 38°, usually 2 hours, the reaction was stopped by the 
addition of 75 2 c mm of esenne-brom-thymol blue solution The titration 
was earned out to pH 6 3 wath 0 05 N HCl, a Rehberg burette wth a total 
capacity of 100 c mm being used Fresh substrate-buffer and esenne 
solutions were prepared for each expenment 

The total control titer due to buffer and tissue was determined m the 
following manner Sections of tissue ivere isolated from a second sample 
of the retina used for cholinesterase determinations These sections were 

1 Since the publication of this paper, an additional precaution has been introduced 
to prevent the dislodgment of the retina from the liver base dunng sectioning A 
v arm knife edge is used to melt together the edges of the retina sample and the liver 
base The entire object holder and its attached tissue are then again thoroughly 
chilled in the freezing mivture 
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earned through the same meubatioii procedure as weie those sections used 
m the enzjrme determmations, but with the glycerol drop containing the 
tissue and the suhstiate diop kept separate until the addition of the esenne 
solution 

Table I illustiates that these titrations are constant withm experimental 
error (0 1 to 0 2 c mm ) although the histological composition and weights 
of the sections vaiy consideiably The en 2 yme activities reported m the 
folloiving section, theiefore, weie obtamed by subtractmg the amount of 
0 05 N HCl required for the titration of the vessels contaimng tissue and 


Table I 

Examples of Conlrol Tilraltons 


Eye No 

Section No 

Layers present 

Total 

weight 

Titration in 

0 05 N HCl 




7 

c mm 

1 

1 

Outer nuclear, outer reticular 

36 5 

5 74 


2 

Outer reticular, inner nuclear 

43 3 

6 OS 


3 

Outer reticular 

16 2 

6 10 

1 

4 

Ganglion j 

11 7 

5 80 

Average titer 



5 93 

il 

deviation 



0 18 

2 

1 

^ Rods, outer nuclear, outer reticular 

15 9 

4 96 


2 

Rods, outer nuclear, outer reticular 

24 4 

4 72 


3 

Inner nuclear, inner reticular 

10 0 

4 82 


4 

Outer reticular, inner nuclear, inner 

9 2 

4 92 



reticular 



Average titer 



4 86 

it 

deviation 



0 09 


substrate in the same diop from the average value of the control titer 
determined as desciibed above 


Results 

The distnbution of cholinesterase in the layers of the retina has been 
studied m two types of experiments, the procedure dependmg on the 
cytological homogeneit-s of the letinal sections In the first tjpe, the 
prepaiation of cameia lucida drawings was omitted This simplification 
w'as possible owing to the isolation by dissection of samples relatnelv 
homogeneous m stmctuie However, in the inajonty of the expenmen ts, 
the complex histological stiaictuie of the sections made the preparation of 
camera lucida drawmgs essential The results of all the experiments of 
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both types led to the conclusion that the chohnesterase activity of the 
retina i\as concentrated in the sjTiaptic la3ers 

The data inll be largely presented in the form of graphs However, to 
indicate clearly the experimental procedure and the implications of the 
results, a tjTiical experiment in w hich sections w ere studied chemicallj' after 
camera lucida drawings had been made is presented in Table II which 
summanzes both the histological composition and the cholinesterase ac- 
tmty of the sections obtained in this expenment Sections used for the 

Table II 

Dislrtbulton of Chohnesterase Activity in Bovine Retina 
All tissue weights are expressed in nucrograms For the average control titra 
tion see Table 1, 4 86 ± 0 09 c mm of 0 05 n HCl 


Section 

No 

Layers present 

Rebtive 

weight 

Total 

weight 

Per cent 
of area 

I-ayer 

weight 

Titer in 

0 05nHC1 

Cholin 

esterase 

activity 







cjnm 


1 

Rods 

Outer nuclear 

2871 

811 

[ 

17 4 

78 

22 

13 6’ 
3 81 

( 

4 22 

0 64 

2 

Rods 

317 

1 


55 

16 8 


1 



Outer nuclear 

185 


30 7 

32 

9 8 


3 82 

1 04 


“ synaptic 

77 



13 





3 

“ nuclear 

29 



13 

1 6 





“ synaptic 

180 


12 2 

SO 

9 8 


3 88 

0 98 


Inner nuclear 

14 



7 

Mila 




4 

Outer synaptic 

54' 



21 

1 9 





Inner nuclear 

75 


9 0 

29 

2 6 


3 14 

1 72 


“ synaptic 

124 



49 

4 4] 




5 

Outer synaptic 

6 



1 

] 





Inner nuclear 

6 


15 1 

1 

1 

11 51 


1 78 

3 OS 


“ synaptic 

318| 


76 




Ganglion 

88j 


1 

22 

3 2 




6 

Nerve fibers 


20 2 

100 


4 80 

0 06 


determination of the coiitiol titer were obtained from a separate sample of 
the retina from the same eje The data foi these latter sections have 
alreadj’^ been presented in Table I (Eje 2) 

As has been described previouslj’’ (3), sectioning pioceeded from the 
surface of the retina-choroid sample nearest the rod lav er, each section being 
20 M in thickness The sections used in the determination of cholin- 
esterase activity were successive ones except in the case of Section 6 which 
was 80 a rather than 20 p distant from Section 5 The control sections 
were also cut consecutivelj at 20 p interv^als 

As a result of the sectiomng techmque, the initial sections in the senes 
w ere composed, predominantly, of the rod and outei nuclear laj ers Thus, 
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Section 1 m Table II contains 78 pei cent of rods and 22 per cent of outer 
nuclear layer The calculated eights of these tw o components are found 
in the sixth column and were calculated, as previously descnbed, from the 
total V eight of the section and the relative areas of each layer present It 
■will be seen that as sectionmg proceeded, the histological composition of 
the sections changed markedly For example, in Section 5 the rods and 
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Incubation period- 137 min 



micra from first section 


Fig 1 The distribution of cholinesterase in the bovine retina The shaded areas 
in the lower section indicate the calculated weights of total synaptic tissue The 
unshaded portions represent non synaptic tissue 


outei nuclear layer have disappeared completely, the major component of 
this section being the inner synaptic layer which compnses 76 per cent of 
the total weight of the section 

The relative activities of Sections 1 to 6 expressed in terms of c mm of 
0 05 Is HCl w ere obtamed by subtracting the indi^udual values detenmned 
fiom the average control titration The highest acti\uty is found in Sec- 
tion 5 Upon mspection of the data in Table II, it ^viU be observed that 
this section, of all those tested in this experiment, contains the highest 
content of sjmaptic tissue To make more apparent the relationship be- 
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tween cholmesteiase actl■VTt^ and section composition, the results ot the 
abo\e e\penment are plotted in Fig 1 Two other expenments of the 
same technical natuie are piesented, graphicall 5 , in Figs 2 and 3 which 
include both histological and chemical data In the upper portion of Figs 
1 to 3, the enzjTne actnitj has been plotted agamst the corresponding 
distance in micra of each section analj zed from the first section in the senes 
The lower portions summarize the weights of the various sections tested 

Incubation period = 130 min 



MICRA FROM FIRST SECTION 

Fig 2 Tlic distribution of chobnesterase in the bovine retina See Fig 1 for 
the explanation 

enzjTnaticallv as well as the relatite amounts of synaptic and non-sjoiaptic 
tissue pie^ent in each section Thus, in Fig 1, the total height of the 
second column in the lower portion of the figure represents the total weight 
of Section 2 in Table II The tot-al height has been dinded into two poi- 
tions, the shaded portion, compnsing 13 per cent, representing the weight 
of sxmaptic material in the section, and the remaimng 87 per cent, the non- 
synaptic tissue This method of representation is followed in each of 
Figs 1,2, and 3 
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It IS apparent from Figs 1 to 3 that, as the proportion of sjmaptic tissue 
m the sections increases, the cholinesterase activity follows a similar course 
Such a correlation cannot be made for any of the other layers in the sections 
If the cholinesterase actuaty is stnctly proportional to the n eight of 
si naptic tissue in the sections, a straight line relationship should be ob- 
tained upon plotting one against the other Such plots of the data from 
Figs 1, 2, and 3 are presented in Figs 4, 5, and 6, respectneh It nail be 

Incubation period = 120 min 

(O 



miora from first section 

Fio 3 The distribution of cholinesterase in the bovine retina See Fig 1 for 
the explanation 

observed that the hypothesis is satisfied by all of the experiments nath the 
exception of one aberrant pomt in Fig 4 (see also Fig 1 from which the 
datum for this point is taken) To plot the lesults in this form, the assump- 
tion must be made that the activities of the inner and outer synaptic 
laj ers are identical, since the abscissae represent the sum of the weights of 
both of these layers in any section This assumption seems to be per- 
missible, smce a number of the pomts on the plots represent sections which 
contain only one or the other of these layers 



274 


CHOLUvESTERASE RETINA 


Further expemnents on the chohnesterase acti\Tty of some of the layers 
have been performed on samples of the outer nuclear, rod, inner sj-naptic, 
and outer sjmaptic layers, dissected essentiallj free of other contammating 



Fat-free, dry weight of 
synaptic tissue (gammas) 


Fig 4 Eelation of cholinesterase activitj to the synaptic content of^retinal’sec 
tions The data are taken from Fig 1 



Fat-free, dry weight of 
synaptic tissue (gammas) 

Fig 5 Relation of cholinesterase activity to the synaptic content ofjretinal 
sections The data are taken from Fig 2 

laj'ers It mil be seen in Table III that the actitaty of samples of the rod 
and outer nuclear layers is umformly low The results of similar studies 
on the synaptic lay ers of the retina are found m Table R'' These results 
are plotted in Fig 7 to test the correlation between symaptic v eight and 
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Fat-free, dry weight 
of synaptic tissue (gammas) 

Fig 6 Relation of cholinesterase activity to the synaptic content of retinal 
sections The data are taken from Fig 3 


Table III 


Cholinesterase Aclivily of Rod and Outer Nuclear Layers of Retina 


Eye No 

Sample No 

Section No 

Layers present 

Weight 

Per cent 
of area 

Chohn 

esterase 

activity 

1 

I 

1 

Rods 

T 

22 4 

100 

-0 08 



2 

<( 

33 9 

90 

0 06 




Outer nuclear 

10 



3 

Rods 

Outer nuclear 

40 0 

40 

60 

-0 16 



4 

a n 

34 5 

100 

0 05 

1 

II 


Rods 

73 8 

100 

0 16 

2 



(C 

30 6 


0 12 


||B 


Outer nuclear 



* Cholinesterase activity is expressed in terms of c mm of 0 05 n HCl per hour 
and represents the difference between the titer of each vessel and the average con 
trol titer 


enzyme activity The straight hne relationship indicates, again, the pre- 
dominantly synaptic locahzation of cholinesterase actmt} 

In the bovme retina, the inner nuclear la5’'er is too thin to permit the 
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isolation of cytologically homogeneous sections inth the present techmques 
For tins reason, no direct data are available on the relative cholinesterase 
activity of this laj^er Only occasionallj have sections of the ganglion and 


Table IV 

Cholinesterase Acitvily of Outer and Inner Synaptic Layers of Retina of Eye 1 


Sample No 

Section 

No 

La>ers present 

1 

Per cent of 
area 

Weight 

Weight of 
lasers 

Cholin 

esterase 

activity 


■ 




y 

y 


I 

n 

Inner synaptic 


100 

10 4 

10 4 

1 22 

II 

B 

Outer nuelear \ 


00 

25 2 

22 7 

0 39 



" synaptic/ 


10 

2 5 


2 

" 

Inner nuclear] 


80 

20 

25 7 

20 6 

5 1 

2 44 

I 

2 

Ganglion 


50 

25 5 

12 3 

0 16 



Nerve fiber 


50 

12 3 


* Cholinesterase activity is evpressed in terms of c ram of 0 05 N HCl per hour 



Fat-free, dry weight of 
synaptic tissue (gammas) 


Fig 7 Relation of cholinesterase activity to the synaptic content of retinal sec 
tions The data are taken from Table IV 

nerve fiber layers been obtained owing to the damage to this portion of the 
retina which often occurs during the mounting and sectioning procedures 
However, the last point in Fig 1, at 180 p, is an e\ample of such a section 
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containing only none fibei-s and shoeing very low cholinesterase activity 
Table III includes data for a section containing equal amounts of ganglion 
cells and nerv^e fibers Heie again, lery low actmty was observed 

DISCUSSION 

The studies of Xachniansohn and his collaborators (1, 6) and of Click (7) 
have yielded strong, though indirect, endence that the enzyme cholm- 
esterase exists m high concentrations at locahzed positions m the nervous 
system In these studies, certain legions knovni to be high in synaptic 
endings and motor end-plates have been analyzed for their chohnesterase 
activity How ex er, in no studies of the mammahan nervous system have 
histological composition and chohnesterase activity been quantitatively 
related Thus, conclusions regarding the importance of chemical mediation 
across the synaptic bamer, though highly probable, have hitherto rested on 
inferential evidence 

In the present studies, the histological structure of retma, with its 
cytologicaUy homogeneous layers, has permitted the isolation and study of 
essentially pure sjTiaptic matenal and of adjacent non'S}maptic matenal 
Thus, it has been possible to study the cytological locahzation of chohn- 
esterase in a portion of the nervous system by a quantitative and direct 
method of analysis The graphs (Figs 4 to 7) relatmg synaptic v eight 
to chohnesterase activity lend support to the hypothesis that the enz3rme is, 
for the most part, concentrated at the synapse 

Boell and Nachmansohn (8) and Fulton and Nachmansohn (9) have sug- 
gested that chohnesterase is situated on the surface of all conductmg 
nervous structures and that the amounts to be found along the nerve fibers 
are related to the concentrations at the synapse m accordance xnth the 
respective surface areas of these portions of the conductmg path Although 
it x\as not possible to determme the relative surface areas of the nerve 
fibers, cells, and synapses in the retina with present histological techmques, 
the results presented herem are not mconsistent vnth Nachmansohn’s 
proposal 

Although marked locahzation of chohnesterase m the synapses of the 
retma has been found in the present studies, it is not possible to account 
completely for synaptic transmission m terms of the acetjlchohne-chohn- 
esteiase system until quantitative knowledge of two other factors is avail- 
able These are (a) the amount of acetjlchohne requinng hydrotysis, and 
(6) the volume to which the acetylchohne and chohnesterase, in vivo, are 
confined It has been shown m several instances (1, 7) that there exists 
sufficient enzjnne to satisfy the requirements of the theory, but onlj when 
a certain mmnnum localization of enzyme and substrate is assumed 
Final decision as to the degree to which the acetjlchohne sjstem satisfies 
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the phj'siological requirements for transmission of nerve impulses m the 
bod}^ must, therefore, await further stud3 

SUMSIARA 

1 B3 emplo3ang single honzontal sections of the retina both for quan- 
titative histological analysis and for chemical stud3 , it has been possible 
to determine the localization of the enz3me, cholinesterase, in the layers 
of this organ The results mdicate a predominanth synaptic localization 
of chohnesterase This proi ides diiect support for the current theory of 
chemical mediation of the nen ous impulse 

2 The usefulness of the retina as a test organ foi the stud3 of the general 
ph\siolog3' of othennse inaccessible components of the central nervous 
S3 stem has been pointed out 
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THE DISTRIBUTION OF DIPHOSPHOPYRIDINE NUCLEOTIDE 
IN THE BOVINE RETINA 

By CHRISTIAN B ANFINSEN 

(From the Department of Biological Chemistry, Harvard Medical School, Boston) 
(Received for publication, October 13, 1943) 

The presence of diphosphopj ndine nucleotide (DPN) has been demon- 
strated in most mammalian tissues However, the distribution of this 
important coenzyme among the t arious t 3 pes of cells present in individual 
tissues has not been studied 

It IS v ell knon n that the retina possesses extremely high rates of respira- 
tion and gli'cnljais In view of the fact that DPN is an essential com- 
ponent of the oxidative and glycoh tic systems and since it is found m the 
retina m greater amounts than in anv of the other bodj'^ tissues (S 3 Tn, 
Nillson, and ^ on Euler (11)), it was felt that a study of the distnbution of 
this substance in the layers of the retina, made up of different cell types, 
w ould be of particular interest B 3 ’- such studies, the relative importance 
of DPN-Imked reactions m structurally'^ different parts of the retina would 
be indicated 

In the followung pages are reported the results of experiments on the 
determmation of the DPN content of isolated lay'ers of the retina As 
Table I -will indicate, large variations were found in the values for different 
portions of the retina, the highest \alues bemg obtamed for the synaptic 
regions The implications of these findmgs will be discussed with particular 
reference to the transnaission of the visual impulse 

Methods 

With the previously described histological techmques (Anfinsen, Lowry, 
and Hastmgs (3) and Anfinsen (1)), samples of most of the retinal layers, 
essentially homogeneous with respect to cytological composition, w'ere 
isolated by dissection of frozen dried sections under xylene The tissue 
samples were weighed on a quartz torsion balance (Lowry (7)) and sub- 
jected to anah sis by the micro modification (Anfinsen (2)) of the method 
of Jandorf, Klemperer, and Hastings (6) for the determination of DPN 

It has not been possible to obtain samples of the inner nuclear layer 
owing to its thinness in the bomne retina Values for the nerve fiber lay er 
have also been omitted, since this layer is generally damaged during the 
mountmg and sectiomng procedures 
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The results have been expressed in terms of micrograms of DPN per 
microgram of hpid-free tissue sohds Owing to the lack of information 
concemmg the water and lipid content of the vanous layers, it is at present 
impossible to convert these values to a fresh tissue baas However, the 
use of the former w eight unit is an advantage rather than a disadvantage, 
ance the fat-free dry w eight of tissue gives a more accurate estimate of the 
actively metabolizmg, cellular phase 
For the microdetermination of DPN, fresh muscle extract was prepared 
routinely every 3 days from the same supplj of muscle acetone powder 
The activity of the extract prepared from this powder w'as tested in the 
standard arsenate system for the determmation of DPN (Jandorf, Klem- 
perer, and Hastings (6)) A ^ alue of 35 c mm of CO2 per microgram of 
DPN per hour at 30° was obtained m these calibration experiments 

Results 

The results obtamed in the experiments are presented m Table I and 
are summanzed graphically in Fig 1 The values obtamed for each lajer 
were sufficiently similar to permit averagmg of the data As will be seen 
in Table I, it was frequently possible to obtam a number of samples of a 
smgle layer from one retma 

Layer of Rods — The layer of rods was found to contam an average of 
2 3 X 10~^ 7 of DPN per microgram of fat-free, dr}' weight of tissue Two 
sections (Table I) contamed 40 and 50 per cent, respectively, of pigment 
epithelium Smce no further anal} ses are available on this layer owmg to 
its extreme thinness (about 12 u), httle more can be said than that the DPN 
content of this layer of pigment epithelium appears to be approximately 
the same as that of the rod layer 
Outer Nuclear Layer — ^An average DPN content of 1 7 X 10^ 7 
microgram of fat-free, dry w eight of tissue w as obtamed for this layer In 
one eye. No 5, considerably lower values were obtamed In view of the 
agreement of the values on tw o separate samples of the retma from this eye, 
the vanation is probably a real, biological one It wall be seen m Table I 
that analyses performed on samples of the inner synaptic layer from Eye 
5 are also considerably different from the rest of the determmations It 
seems hkely that this particular eye represents an isolated case 
Outer Reticular Layer — ^The average DPN content of this layer was 
4 0 X 10~’ 7 per microgram of fat-free, dry tissue No sigmficant varia- 
tions were observed from e}e to eye , 

Inner Reticular Layer — As was mentioned aboie, only one analysis 
fered senously from the average DPN content of 4 1 X KF’ 7 micro- 
gram of tissue This smgle value has not been mcluded m the average 
It will be seen, upon companson with the other layers studied, that e 
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Table I 


DPN Content of Layers of Retina 


Layer of cells 

Eye No 

Weight of 
tissue 

DPN X 10> 

DPN X 10* 
per micro 
gram 
fat free, 
dry weight 

Average 

Average 

deviation 



7 

7 

7 

7 

7 

Rods 

3 

17 2 

41 8 

2 4 




3 

13 0 

38 1 

2 9 




4 

18 9 

35 0 

1 9 




4 

25 1 

60 2 

2 4 




4 

18 7 

37 4 

2 0 




4 

11 4 

24 3 

2 1 




5 

20 7 

57 2 

2 7 




7 

10 3 

23 6 

2 3 




7 

10 3* 

22 2 

2 2 




8 

12 3t 

28 5 

2 3 

2 3 X 10-* 

0 2 X 10-» 

Outer nuclear 


14 3 

29 6 

2 1 





9 9 

25 6 

2 1 





19 8 

33 4 

1 7 





29 7 

32 1 

1 8 




8 

24 6 

41 2 

1 6 





33 0 

32 6 

1 0 





28 1 

33 3 

1 2 

1 7 X 10-» 

0 3 X 10-» 

Outer reticular 


14 6 

63 3 

4 3 





15j0 

61 8 

4 1 




8 

19 4 

71 3 

3 7 




8 

20 8 

71 4 

3 6 




8 

13 7 

50 0 

3 7 




8 

10 2 

71 8 

4 4 

4 0 X 10-» 

0 3 X 10-» 

Inner reticular 


16 8 

64 6 

3 9 





11 2 

46 4 

4 1 





19 2 

85 3 

4 4 





24 2 

105 0 

4 3 





16 3 

60 8 

3 8 





11 2 

69 0 

6 n 





14 4 

54 9 

3 8 




8 

15 9 

68 0 

4 3 

4 1 X 10-> 

0 2 X 10-> 

Ganglion 


8 4 

31 0 

3 7 





10 2 

33 5 

3 5 





13 8 

58 9 

4 2 





16 0 

58 9 

3 7 




8 

12 9 

40 0 

3 2 




8 

9 0 

33 4 

37 1 

3 7 X 10-> 

0 2 X 10-* 


* The section contained pigment epithelium comprising appro\imatclj 40 per 
cent of the total area The relative area was estimated by inspection of the stained 
section under the microscope 

t This section contained approumately 50 per cent pigment enitheliiira 
JNot included in the average (see the text) 
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A MICRO MANOMETRIC METHOD FOR THE DETERMINATION 
OF DIPHOSPHOPYRIDINE NUCLEOTIDE 

Br CHRISTIAN B ANFINSEN 

{From the Department of Biological Chemistry, Harvard Medical School, Boston) 
(Received for publication, October 13, 1943) 

In the course of histochenucal studies of the retina, it was desired to 
determine the diphosphopyndme nucleotide content of smgle microtome 
sections of tissue iveighmg on the order of 10 to 50 y It was, therefore, 
necessary to mcrease the sensitivity of the manometnc method for the 
determmation of DPN To this end, the technique of Lmderstrpm-Lang 
(6) with the Cartesian diver was employed 

Of the manometnc methods available, the method of Jandorf, Klemperer, 
and Hastmgs (4) v as chosen for the present purposes owmg to the avail- 
abihty and stability of the components of the test system and to the rela- 
tively large gas evolution per microgram of DPN By the micromethod 
descnbed below 0 001 to 0 006 y of DPN can be determined mth an error 
of less than 5 per cent This represents a thousandfold increase m sensitiv- 
ity of the method Briefly, the principle of the method is as follows In the 
presence of arsenate and an extract of acetone powder of cat muscle, the 
dismutation of triose phosphate to phosphoglyceric acid and phosphoglyc- 
erol, normally coupled i\ith the phosphorylation of adenylic acid or 
adenosme diphosphate, occurs without simultaneous phosphorylation The 
dearsenylation of l-arseno-3-phosphoglycenc acid, an intermediate m the 
over-all reaction, proceeds spontaneously The molecule of acid formed 
m this step liberates carbon dioxide from the bicarbonate buffer When 
DPN IS the limitmg factor m the system, the rate of gas production is 
strictly proportional to the concentration of the coenzyme 

Details of Micro Technique 

Reagents and Enzyme Solution — The concentration of reagents (sodium 
bicarbonate, sodium arsenate, and sodium hexose diphosphate solutions) 
recommended by Jandorf et al were used m all experiments These were 
combmed to form the stock solution (designated herem as “substrate- 
buffer” solution) and stored m the refngerator The enzjme solution was 
prepared by the usual method from an acetone pow der of cat skeletal muscle 
However, for the removal of mterfenng nucleotides from the muscle prep- 
aration, it was found that the 20 hour charcoal adsorption penod could be 
greatly reduced Thus, the mitial adsorption was allowed to proceed for 
1 hour followed, after centrifugation, bj a second adsorption of the super- 

2S5 



286 


MICHODETERMINATION OF DPN 


natant wth a fresh portion of charcoal for hours The DPN blank for 
such a solution is always small immediately after adsorption and disappears 
completely after storage for 12 to 24 hours at 6° 

Manomelnc Apparatus Employed — ^The rate of gas e\ olution was meas 
ured Mith the apparatus of Lmderstrpm-Lang (6) employing the piinciple 
of the Cartesian diver The apparatus was of standard design and per- 
rmtted the successive measurement of five divers m any one experiment 
The ivater bath w as mamtamed at 30° ±0 01° Brodie’s solution ivas used 
m the arms of the manometer As a flotation medium for the divers, a so 
lution was prepared contaimng 27 2 gm of NaNOj, 13 7 gm of NaCl, and 
59 1 gm of water This medium has as high a molanty as the saturated 
LiCl solution usually employed in the diver apparatus and, m addition, has 
a much lower viscosity This property permits greater control of the di\ er’s 
movements dunng readmgs Its density, 1 321, was frequently checked 
with a hydrometer 

Steps Involved in Filling Divers — ^When the divers are filled with the 
vanous components of the test system, it is essential that all final dilutions 
correspond with those used in the macro technique Thus, in the ongmal 
procedure, 1 3 cc of the substrate-buffer solution are diluted m the Warburg 
vessels to a final volume of 3 0 cc , rcpicsenting a dilution of 2 3 For use 
m the divers, this dilution is brought about as follows To 1 part of the 
substrate-buffer solution is added 0 17 part of a DPN solution, either of 
known concentration for calibration experiments, or resulting from tissue 
extraction After thorough mixing, a 1 60 c mm aliquot is pipetted into 
the diver with a pipette of the type illustrated m Fig 1, F The total 
volume IS then made up to 3 14 cmm with water and muscle extract 
The over-all dilution of the substrate-buffei solution now ag*t es with that 
employed in the macio techmque, bemg (1 17/1 00) X (3 14/' f'*)) =23 
As long as the correct proportionahty m concentration is ouserved, the 
volume taken may be vaned accordmg to the needs of the experunents 
and the availability of imcro pipettes 

To make the volume m the diver up to the correct total with muscle 
ex'tract and water the same type of procedure is followed, the muscle 
extiact and water being combmed mto one solution of the correct dilution 
and pipetted mto the divers m one operation In our expenments, 1 part 
of muscle extract was diluted with 0 49 part of distilled water 1 54 c mm 
of this solution were then pipetted into the diver bulb The ddution is, 
therefore, (1 49/1 00) X (3 14/1 54) = 3 0, corresponding to the dilution 
of muscle extract employed m the macro technique 

The diver is now flushed wuth a gas mixture composed of 5 per ce^ 
CO 2 95 per cent N. for 3 nnnutes to bring the pH to 7 4 The gas is led 
into the diver through a capillary tube of small diametei The tip is in- 
serted into the diver to withm a mm of the surface of the reaction mixture 
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As rapidly as possible, the neck of the diver is closed with a ring of 
paraffin od This oil must previously have been thoroughly saturated with 
the same gas mixture as that used above The oil nng is mtroduced with 



0 



A 

f 


B C 




Fig 1 Apparatus used in the extraction of diphosphopjvidine nucleotide from 
frozen dned seetions A, micro centrifuge tube with frozen dned section, B, tube 
after addition of water, C, tube sealed off during heat inacti\ation, tube during 
extraction of DPN 

the same type of pipette used for the aqueous solutions The pipette rack 
and rack and pmion device for raismg and lowenng the divers dunng 
fiUmg V ere of the type described by Lmderstrpm-Lang and Holter (S) 

The diver is transferred to the flotation tube and is allowed to come to 
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temperature and pressure equilibnum over a penod of 5 mmutes Eead- 
ings taken before this tune has elapsed are not rehable 
When the required number of divers have been filled and equihbrated, 
readmgs are begun A control diver is mcluded as a thermobarometer 
This diver contains the same solutions as the expenmental divers ivith the 
exception of the DPN solution which is replaced by water To obtain 
rehable ounces, the readings are made at 5 minute intervals 
The c mm of CO 2 produced durmg 1 hour are computed by multiplymg 
the change m equilibrium pressure dunng this penod (obtamed graphically 

(J) 12/10/42 



mm^XlO^ COg evolved/bour 

Fig 2 Calibration of the arsenate system at 30° bj technique of the Cartesian 
diver 

from a plot of equilibnum pressure lersus time) by the diver constant 
This constant is calculated as follows 


K = 


273 

F X + Ftat + FoOo 

10,000 


where V, Vl, and Vo are the volumes of the gas phase in the filled diver, 
volume of aqueous solution, and oil volumes, respectively, and at, and cco 
the solubility of CO 2 in w ater and oil at 30° These latter constants hat e 
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the values of 0 66 and 1 03, respectivel5’- (Dixon (2), International Cntical 
Tables) 

The total volume of the vessel is determined by subtracting the weight 
of the diver from the weight when filled with v ater The gaseous phase in 
the neck of the diver occasionally protrudes mto the flotation medium, 
f onnmg a small bubble Hon ever, the volume of such a gas bubble causes 
an error in the value of the constant of the order of 1 per cent, and for this 
reason is disregarded 

Caltbrabon of Micro Test System — ^The micro technique and ongmal 
method mth the Warburg apparatus nere compared bj r unnin g parallel 
calibration cun^es on solutions of the same DPN sample (prepared by Dr 
B J Jandorf) This sample nas found to contam 40 per cent DPN by 
^ectrophotometnc analysis 

The results of four cahbration experiments with the Cartesian diver are 
presented m Fig 2 The slope of the curve, 35 c mm of CO2 per hour per 
microgram of DPN, duphcates, mthin experimental error, the values ob- 
tained mth the Warburg apparatus 

Results obtained at 38° by both methods were also m agreement How- 
ever, unless the demands of the problem require that determinations be 
made at 38°, it is recommended that 30° be chosen as the w orkmg tempera- 
ture for the micromethod, as described above The enzyme solution 
IS more stable at this temperature and, m addition, complications mtro- 
duced by the higher temperature durmg the manometnc readmgs and 
filling the diver are a\ oided 

Extraction of DEN from Frozen Dried Sections 

Jandorf (3) has shown that m intact portions of excised rat liver the DPN 
content of the tissue slow ly decreases w ith elapsed time after death, reach- 
mg a stable vmlue at tw o-thirds of its mitial v alue after about 20 mmutes 
For the histochemical studies of the retina to which the microdetermmation 
of DPN was apphed, frozen dned sections of tissue have been used 41- 
though it will be seen from ex-penments to follow that freezmg and sub- 
sequent dehydration prevent the rapid disappearance of DPN, this disap- 
pearance does take place as soon as the dned tissue is once agam exposed 
to an aqueous medium In order to preclude such disappearance m frozen 
dried sections of liver and m other tissues, hitherto untested, which also 
might exhibit this phenomenon, it is important to inactivate rapidlj the 
destructive enzyme systems as soon as the extractmg medium is added 
With the small amounts of matenal used for the present studies, the 
evaporation of water upon heat inactivation at 100° causes considerable 
erior in the calculation of dilutions Therefore, a method was dcvnsed to 
circumvent this difficultj , some apparatus for w hich is shown m Fig 1 
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The stained sections (see Anfinsen, Lomy, and Hastings (1)) were weighed 
on a quartz torsion balance (Lowry (9)) and transferred to micro centrifuge 
tubes (A) nhich -nere then drawn out to form a narrou, thm nailed con- 
stnction as in (B) These tubes were generally prepared from 4 mm 
Pyrex tubing, but occasionally, nhen the weight of tissue to be analyzed 
required smaller total amounts of extract, 3 mm tubing was used 
With a constnction pipette of the design descnbed by Levy (5), a known 
amount of distilled n ater n as added, and the tube was rapidly sealed by 
drawmg out the narrow portion in a small flame (C) The enzymes were 
immediately inactivated b 3 >’ plungmg the sealed tube mto boding water 

Table I 

DPN Analyses of Rat Liver by Micro Manomelnc Method 


Inactivation of both fresh and frozen dried tissue was earned out 590 seconds after 
death To convert the dry n eights of the sections to a fresh tissue basis, the weights 
were divided by the factor 0 29 (Manerj and Hastings (10)) 


1 

Section 1 

1 

Section 2 

1 

Section 3 

Section 4 

Sections 

Macro- 

determi 

nation 

Date of experiment* 


Jan 14 

Jan 14 

Jan 14 

Jan 14 

Jan 5 

Dry weight, y 


67 7 

84 3 

53 3 

103 3 


Fresh weight, mg 

C mm COs per sec- 

0 360 

0 233 

0 298 

0 183 

0 355 


tion per hr 
Micrograms DPN 


3 60 

4 20 

2 75 

5 16 


per sectionf 
Micrograms DPN 
pergm liver 

0 154 

427 

0 106 

454 

0 127 

426 

0 081 

443 

0 152 

428 

425 


Average DPN content, 435 y per gm , average deviation, 10 y per gm 
* T-he frozen dried sections were prepared on January 5, 1943, at which time the 
DPN content of the fresh liver was determined in duplicate 
1 1 7 of DPN produces 35 c mm of CO per hour in the arsenate system at 30° 

After 2 minutes, the tube n as removed and thoroughlj chilled in ice cold 
water Drops of solution adhenng to the sides and top were then centn 
fuged to the bottom in a special centrifuge cup {E) which was designed to 
hold four such tubes The tube was then opened wuth a sharp file as m 
(D) A measured amount of substrate-buffer solution was added and 
thorough stirring earned out by means of the electromagneticalh' operated 
“flea” (Linderstr0m-Lang and Holter (7)) (D-l) until the section (0 2) 
had been well extracted After another centnfugation, the tube was stop 
pered and stored at 6° until needed for the chemical determmation The 
relative amounts of water and substrate-buffer solution employed m t e 
extraction must be chosen so that the final dilution in the divers correspon s 
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to the concentrations of the components of the test system recommended 
bj Jandorf et al (4) It is also essential that the total volume yield a 
dilution of DPN which will be satisfactory for use m the Cartesian divers 

In parallel experiments, the DPN content of rat liver was detemuned 
by the standard macro techmque of Jandorf et al and by the micromethod 
descnbed above The sample taken for analysis m the Warburg apparatus 
v as heat-mactivated (see Jandorf (3)) at the same time that the tissue to be 
used for prepanng frozen dned sections was plunged mto petroleum ether 
and dry ice If the freezmg and extraction procedures adequately prevent 
DPN' disappearance, the DPN content of these portions of hver should be 
identical That this identit 3 ’’ was obtamed will be seen by companng the 
results of the micro and macro expenments in Table I Table I also 
furnishes evidence for the stability of DPN m frozen dned sections when 
stored in stoppered vessels at 6° It will be obsen^ed that over a penod of 

9 days, under these conditions, no decrease m the DPN content of the 
sections occurred 

StnUMARI 

A micro manometric method for the determmation of the diphosphopy- 
ndine nucleotide of very small amounts of tissue has been descnbed By 
this method 0 001 to 0 006 y of DPN can be detemuned inth an error of 
less than 5 per cent 

The extraction of DPN from frozen dned sections has been discussed 
and analyses carried out on the extracts are shown to agree with the values 
obtained with the standard Warburg apparatus 
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A SIMPLE QUARTZ TORSION BALANCE 

Br OLIVER H LOIVRY 

(From the Department of Biological Chemistry, Harvard Medical School, Boston) 
(Received for publication, October 13, 1943) 

In connection with histochemical studies of the retina (1, 2) a need was 
encountered for a balance to weigh frozen dned tissue sections having a 
mass of 5 to 60 •y A precision of ±0 1 7 was desired 

A satisfactory balance (Fig 1) was obtamed with the principle emplo3ed 
in a balance described bj Barrett, Best, and Ridout (3) The beam (A) 
consists of a hollow quartz tube 25 cm in length and about 1 mm m di- 
ameter This tube is suspended in a quartz yoke (R) between two hori- 
zontal quartz fibers (C) 

The pans (U) which are made of alurmnum foil are suspended from 
quartz hooks (E) which in turn are suspended from fine quartz loops in 
the ends of the beam No attempt was made to make the two hahes of 
the beam of exactly equal length 

Unequal loading of the beam causes a displacement which is opposed bj 
the resultant torsion in the quartz fibers The displacement of one end of 
the beam is measured with a cathetometer (F) reading to ±0 01 mm ' 
This displacement is proportionate to the weight added to the pan In 
the balance desenbed a displacement of 1 00 mm is equivalent to 10 8 7 

The balance is mounted m an old balance case b\ sealing the feet (G) 
of the balance to the floor with de Khotinski' cement The mechanism 
used for liftmg the beam of the ongmal balance is retained (not showm) 
and IS provided with a stirrup to lift the quartz beam ]ust enough to steadj 
it when additions are made to the pans In order to reduce the effects of 
static electncity, the mside of the balance case is covered with metal foil 
except for small windows (U) at each end to perrmt obsenation with the 
cathetometer As a further precaution the balance is metahzed with a 
thin film of platmum to make it conducting To accomplish this, a 5 per 
cent solution of chloroplatimc acid m alcohol is allowed to flow along all 
the members of the balance and after drMng is heated with a cool flame 
until conversion to platinum occurs Great care must be taken not to 
o\erheat the fine quartz suspensions After mounting, the balance is 
grounded to the case bv means of a strip of aluminum foil Readings are 
made with the cathetometer after the balance case has been closed for 1 
minute The cathetometer is focused on anv con\ enient landmark on one 

1 tte have used a cathetometer manufactured 63 the Gaertner Scientific Corpora 
tion, Chicago 
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QUARTZ TORSION BALANCE 


end of the beam The end of the beam, -which is m comparati-ve darkness 
inside of the closed balance case, is easily -visible against the -white back- 
ground of an illununated piece of paper outside of the opposite end of the 
balance 

In ordei to calibrate the balance, a piece of fine i\ire 5 or 10 cm in length 
and -weighing 1 5 to 2 mg is selected This mre is cut mto ten pieces of 
nearly equal length and all ten pieces are -iicighed together on an analytical 
imcro balance Each piece is then placed separately m turn on one pan 
md the displacements are obsei-ved The sum of all the separate displace- 
ments dmded by the knowTi total weight gi\cs the sensiti-vity Since the 
tw'o balance aims are not exactly equal, this will only calibrate one end of 
the balance 



It IS possible to weigh laiger masses by partially balancing with known 
weights in the opposite pan In this case the ratio between the two 
balance arms wnuld have to be determined b> ( 1 ) observing the zero point, 
(2) putting approximately equal weights on each pan, and (3) reversing 
them as is sometimes practiced with the ordinal j' analjdical balance 
The balance descnbed has given satisfactory use for ovnr a ynar with 
no change in sensitivity, and in spite of the fine quartz suspensions em- 
ployed, it is not especially fragile It has a capacity of 50 to 100 mg and 
a sensitivity of ±0 1 7 The leadings are leproducible and the zero point 
IS quite stable 
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THE EFFECT OF SULFONAMIDES ON THE C0N\T:RSI0N IN 
VITRO OF INORGANIC IODIDE TO THYROXINE AND 
DIIODOTYROSINE BY THYROID TISSUE WITH 
RADIOACTIVE IODINE AS INDICATOR* 

By A L FRANKLIN and I L CHAIKOFF 
(From the Dims^on of Physiology, Unwerstly of California Medical School, Bcrlclcy) 

(Received for publication, November 16, 1943) 

MacKenzie ei al found that the administration of several of the sulfona- 
mides produced a hypertrophy and hyperplasia of the thyroid gland (1) 
This observation was confirmed by Astwood ei al (2, 3) Although the 
eiudence obtained by these v orkers makes it appear that these compounds 
dimmish the production of the thyroid hormone, the exact site of action of 
the sulfonamides (whether m the gland or elsewhere) , as iv eU as the reactions 
affected, is not definitely known Accordmg to Astwood ei al , there is no 
evidence agamst the view that the action of the compounds is elsewhere 
than m the gland and is “concerned with the synthesis of some essential 
component or precursor of the hormone” (2) 

An examination of the sequence of reactions, beginning ivith the removal 
of inoiganic iodide from the blood stream by the thyroid gland and ending 
with the release of the circulatmg hormone by the gland, shows that the 
sulfonamides could mterfere with any of the followmg reactions, among 
others (1) the selective removal of circulating morgamc iodide by the gland, 

(2) the mcorporation of morgamc iodide into duodotyrosme and thyroxme, 

(3) the release of the hormone into the blood stream It is demonstrated 
here that the sulfonamides mterfere directly with the comersion of inor- 
gamc iodide to duodotyrosme and thyroxme Evidence for this direct 
action of the sulfonamides on the lodme metabohsm of the gland w as ob- 
tamed by measunng the mcorporation of labeled inorganic lodme (I“‘) into 
duodotyrosme and thyroxme by suiwiving slices of thj'roid tissue It was 
previously estabhshed with the aid of the radioactive isotope of lodme that 
survivmg preparations of thyroid tissue obtamed from the rat, sheep, and 
dog readily convert morgamc iodide to thj roxine and duodotjTosme (4) 

EXPERIMENTAI, 

Thyroid shces w ere prepared from the sheep, cow , and dog Tlie animals 
were sacrificed by exsangumation The glands w ere remox ed, immediatelj’’ 

* Aided by grants from the Commonwealth Fund and the Committee for Research 
in Endocrinology of the National Research Council 
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packed m ice, and kept there during the short interval that preceded their 
slicing 

Preparation of Bicarbonate-Ringer’s Solution Containing Sulfanilamide — 
The preparation of the bicarbonate-Ringer’s solution containing tracer 
amounts of radioactive iodide (!*’•) has been descnbed elsewhere (4) Con- 
centrated solutions of sulfanilamide were made up m 0 9 per cent NaCl of 
such strength that the addition of 0 1 cc of these solutions to a 3 0 cc 
volume of the radioactive bicarbonate-Rmger’s solution yielded the 
concentrations of sulfanilamide recorded in Table I 

Table I 


Effect of Sulfanilamide on Formatton of Diiodotyrosinc and Thyroxinctn Thyroid Slices 


Experiment No 

Sulfanilnmtde concentration 

Per cent of Ringer s recovered as 

Thyroxine 

Duodotyrosine 

1 

1 Beef 

u 

0 (Control) 

10 4 

34 5 


0 “ 

9 8 

42 2 


10-‘ 

1 4 

2 0 


io-» 

1 5 

4 6 


10-» 

2 4 

6 1 


I0-« 

2 4 

11 2 


10-' 

7 8 

31 8 


10-' 

G 5 

31 8 


io-» 

9 7 

37 7 


io-« 

8 9 

35 4 

2 Sheep 

0 (Control) 

8 5 

50 9 


0 

8 3 

60 3 


0 “ 

8 2 

59 4 


10-» 

1 4 

6 4 


10-’ 

1 5 

5 2 


10-’ 

1 5 

4 4 


Preparation of Bicarbonate-Ringer’s Solutions Containing Sulfapyndtne, 
Sulfaguanidine, Sulfadiazine, and Sulfathiazole — Owang to their insolubility 
it w'as not possible to prepare concentrated solutions of the other sulfona- 
mides m the manner described above A large lolume of bicarbonate- 
Rmger’s solution contaiiung the desired concentration of the sulfonamide 
was first prepared, and to a small aliquot of it was added the I'” contamed 
m 0 9 per cent NaCl, the volume of the latter w as small in comparison with 
the total volume of bicarbonate-Rmger’s solution 

300 mg of thyroid slices were transferred to 25 cc Erlenmeyer flasks 
contaming 3 0 or 3 1 cc of the solutions descnbed above The bicarbonate 
Ringer’s solution w as saturated w ith a gas mixture consisting of 5 per cent 
CO 2 and 95 per cent O 2 before it was added to the reaction flask, and the 
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atmosphere above the solution was displaced with this same gas mixture 
immediately after the addition of the shces The flasks were then tightly 
stoppered and mcubated at 38° for 2 hours The vessels uere gently agi- 
tated durmg the entue penod of mcubation 

In the experiments recorded m Tables I to III, the entire contents of each 
flask uere analyzed for radiothyroxme and radiodiiodotyrosme bj the 
procedure descnbed elsewhere (4) 

In the penetration experiments recorded in Table IV, the shces ivere 
rinsed twice as descnbed below and the total radioactivity contamed m the 
slices determined The shces only were transferred to flasks containmg 6 0 
cc of 2 N NaOH and heated on a steam bath tdl a clear solution was ob- 
tamed It was made up to volume and an ahquot used for detemunation 
of total radioactivity 

Results 

Formation of Radiothyroxme and Radiodtiodolyrosine 

Sulfanilamide — The results of two experiments with this sulfonamide are 
recorded m Table I Experiment 1 was done wnth surviving slices of cow 
thyroid. Experiment 2, -with slices of sheep gland Four concentrations of 
sulfanilamide were tested The inhibitory effects of lO"- m and 10~’ m w ere 
qmte marked At lower concentrations, namely lO”* m and 10~' m, this 
compound no longer appreciably influenced the conversion in intro of mor- 
ganic iodide to either thyroxme or duodotyrosme 
Sulfapyndine — ^At a concentration of 10“^ m, sulfapyndme defimtely 
mterfered with the formation of radiothyroxme and radioduodotyrosme 
(Table II) No effect w'as observed when the thyroid shces w ere mcubated 
m a Rmger’s medium conta inin g lO”'’ m sulfapyndme In Expenment 1 
the radiothyroxme formed m the presence of 10“* m sulfapyndme was re- 
duced to one-half of that of the controls, the amount of radioduodotjTosme 
formed was also reduced m this ex’penment In Expenment 2, the conver- 
sion of inorganic to thyroxme was shghtly reduced by a concentration 
of 10“* M sulfapyndme, but the amount of radioduodotjuosme formed did 
not differ significantly from that of the controls 

Sulfaguamdine — ^Three concentrations (10““ lu, 10“* xi, and 10“' m) of 
this sulfonamide were used (Experiments 3 and 4 of Table II) Defimte 
inhibition was observed only with the highest concentration 

Sulfathiazole—A. decreased formation of radiothyroxme and radioduodo- 
tyrosme was found at both concentrations tested, viz , 10“' if and 10“* \i 
(Table III) 

Sulfadiazine — The concentrations used m the studj of this compound 
were limited by its solubility In Expenment 3 (Table III), no mhibition 
m the formation of radiothyroxme and radioduodotjTOsme was obsened 
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when the thyroid slices were incubated in a Ringer’s medium contaimng 
10“^ M sulfadiazme In Experiment 4, however, a decreased formation of 
radiodiiodotyrosine was found in the presence of this concentration of sulfa- 
diazine 

Penetration of Inorganic P^'- into Thyroid Slice 

The results obtamed above show that the sulfonamides interfere with 
the conversion of the of the medium to thyroxme and duodotyrosme 
In addition to convertmg morgamc iodide to thyroxine and duodotyrosme, 


Table II 

Effect of Sulfapyndtne and Sulfaguantdine on Formation of Duodotyrosme and 
Thyroxine in Thyroid Slices 


Experiment 

No 

SuUapyridine 

concentration 

Fer cent ot 
Ringer s 
recovered as 

Experiment 

No 

Sulfaguantdine 

concentration 

Per cent of 
Ringer s F“ 
recovered as 

Th/ 

roiine 

Ditodo 

tyrosine 

Th^ 

roxme 

Diiodo- 

tyrosine 


u 




u 



1 Dog 

0 (Control) 

9 2 

GO 0 

3 Dog 

0 (Control) 

9 5 

57 9* 


0 

9 7 

55 8 


10-’ 

4 7 



io-> 

1 2 

13 7 


10-’ 

4 7 

29 4 


io-‘ 

5 6 

42 7 


10-' 

8 6 

61 2 


io-‘ 

G 7 

42 7 


10-' 

8 2 

58 1 


io-« 

10 4 

61 0 


io-‘ 

itin 

59 8 

2 Sheep 

0 (Control) 

8 7 

59 0 


io-‘ 

10 1 

63 5 


0 

8 G 

57 0 

4 Sheep 

0 (Control) 

8 7 

68 Of 


io-» 

5 2 

Kiila 


io-» 

4 2 

40 8 


io-» 

3 8 

29 1 


io-» 

4 5 

36 2 


10-' 

G 9 

61 5 


10-' 

6 5 

56 6 


10-* 


62 5 


10-' 

6 9 

58 7 


* The control expenmeuts are the same as those shown in Experiment 1 Only 
average values are therefore given here 

t Control experiments the same as in Experiment 2, only average values given 
here 

however, the thjToid gland lias an extraordmary capacity for acoumulatmg 
iodine This is demonstrated in the experiments of Table IV, m which the 
lodine-concentrating capacities of thyroid shoes are compared with those 
of liver slices 

In the experiments of Table IV the procedure v as essentially the same as 
that used m the experiments recorded in Tables I to III The shces ivere 
prepared in the usual manner and then transferred to reaction flasks con- 
tammg 0 (i c controls) or 10 ~’ m sulfanilamide m addition to the radioactive 
iodide At the end of a 2 hour penod of mcubation, the slices were sepa- 
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rated from the Rmger’s medium The radioactive Einger’s solution was 
decanted from each reaction flask and all the shees rapidly transferred to a 
Syracuse watch-glass contaimng 3 cc of non-radioactive Rmger’s solution 

Table III 


Effect of Sulfathrazole and Sulfadiazine on Formation of Diiodotyrosine and Thyroxine 
in Sheep Thyroid Slices 


Expen 

ment 

No 

Sulfatbiazole 

concentration 

Per cent of 
Ringer s 
recovered as 

Expen 

ment 

No 

Sulfadiazine 

concentration 

Per cent of 
Ringer s Ii” 
recovered as 



Thy 

roxme 

Duodo- 

tyrosme 


it 




u 



1 

0 (Control) 

8 7 

58 0* 

3 

0 (Control) 

8 7 

58 0* 


10-’ 

2 3 

7 1 


10-* 


58 5 


10-" 


9 6 


10-* 


60 2 


io-< 


35 7 

4 

0 (Control) 


52 2t 


10-* 


33 0 


io-‘ 


19 2 

2 

0 (Control) 


50 1 


10-* 


16 9 


0 


61 1 


io-‘ 


15 6 


0 “ 


45 5 






io-» 


6 0 






io-« 


4 1 






io-» 


4 3 


1 

1 

Hi 



* The control experiments are the same as those shown m Experiment 2, Table II, 
only average values given here 

t Control experiments the same as in Experiment 2 above, only average values 
given here 


Table IV 

Effect of Sulfanilamide on Penetration of Inorganic Iodide (/»>) into Tissue Slices 


Experiment 

No 

Tissue (sheep) 

Sulfanilamide concentration 

Per cent of Rmgcr s 
recovered in slices 

1 

Thyroid 

if 

0 (Control) 

79 


ft 

0 “ 

82 


ft 

io-» 

79 


ft 

io-> 

78 

2 

Liver 

0 

9 


(f 

0 

10 


Thyroid 

<f 

0 (Control) 

88 


0 

85 


ft 

io-» 

81 


ft 

io-> 

78 

3 

ft 

0 (Control) 

97 


ft 

0 

9S 


ft 

io-» 

87 
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The slices were permitted to remain m this solution for 20 seconds and then 
transferred foi 20 seconds to another 3 cc volume of non-radioactive 
Rmger’s solution The slices were then removed and analyzed for total 
Since the washing in the two non-radioactive solutions- served to re 
move adhering to the surfaces of the slices, the 1“' found m the slices was 
taken as a measure of the lodine-concentrating capacity of the tissue 
The capacity of the thyroid tissue to remove inorganic I*’' from the 
Rmger’s medium was not appreciabl3’- depressed bj" the presence of sulfa 
nilamide in the reaction flask The shght depression in lodme-concentrat- 
mg capacity observed m E'qienments 1, 2 , and 3 (Table IV) was in no way 
comparable to the degree of inhibition of the com ersion of inorganic to 
thyroxme and duodotj rosine (see Table I) Hence it is not the reduction 
m the lodme-concentratmg capacity of the gland that is responsible for the 
failure of the conversion of the Ringer’s I”' to thyroxine and diiodotyrosine 
in the presence of sulfanilamide 


DISCUSSION 

At a concentration of 10 ~^ m, sulfanilamide, sulfap3Tidine, sulfathiazole, 
and sulfaguanidme depress the formation in tnlro of thyroxme and diiodo- 
tyrosine by thyroid tissue Although the mechanism bv which these com- 
pounds produce this effect is still unknown, it should be noted that at a 
concentration of 10 ~’ m sulfamlamide did not interfere appreoiablv with the 
extraordinary capacity of th3 roid tissue to absorb morgamc iodide from the 
surroundmg medium It is the subsequent conversion {i e after the mor- 
ganic iodide has entered the gland) to th3TOxme and diiodotyrosine that is 
specifically inhibited by the sulfonamides 

Little can be said at present about the action of the sulfonamides on 
specific enz3Tne S3 stems concerned with the formation of th3T0xme and 
duodotyrosine m the th3 roid gland The formation of these two lodmated 
compounds b3’' this tissue has been showm to involve oxidations in which the 
cytochrome-C3 tochrome oxidase S3mtem participates ( 5 ) This enzyme 
system, howmver, is not affected by the sulfonamides, for at concentrations 
as high as lO"" m Mann and Keihn found they had no effect on cytochrome 
oxidase (6) Lipmann has made the interesting obsenmtion that the cata 
lytic oxidation of p-aminobenzoic acid by peroxidase is inhibited by the 
sulfonamides (7), but it is not 3mt knoivn w'hether this reaction or other 
enzyme reactions affected by the sulfonamides are linked wath the conver- 
sion of inorganic iodide to th3’TOxme and diiodotyrosine in the gland 
It was pointed out some time ago that it w as not possible to say definite y 
whethei the radioactive inorganic iodide added to the reaction flask ® 
with lodmatcd molecules, such as diiodotyrosine and th3Toxme, or wi 
uniodinated molecules, such as t3Tosine and th\ionine, contained m e 
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surviving thyroid slices (4) The only evidence provided against the view 
that this IS an interchange reaction was the findin g that the incorporation 
m vitro of I”* into duodotj'rosme and thyroione occurs only m the presence 
of intact surviving shces of thyroid tissue but fads to occur (a) when organi- 
zation of the shoe is disrupted by homogenization (4) and (6) m the presence 
of cytochrome oxidase inhibitors (5) The recent observations of Mac- 
Kenzie and MacKenzie (1) and of Astwood et al (2) mdicatmg that the 
sulfonamides depress hormone formation by the thyroid gland, together 
vith the present findings (t e that the sulfonamides inhibit the conversion 
m vitro of morgamc I'®* to radiothyroxme and radioduodotyrosme by sur- 
viving thyroid shces), lend additional support to the view that the incor- 
poration of morgamc mto thyroxme and dnodotyrosme by surviving 
thyroid shces as measured here is not an interchange reaction but represents 
the formation of new molecules of thyroxme and dnodotyrosme 

SUMMARY 

1 The effects of sulfandamide, sulfapyndme, sulfaguamdme, sulfathia- 
zole, and sulfadiazine on the conversion in vitro of morgamc to thyroxme 
and dnodotyrosme by survivmg slices of thyroid tissue were determmed 

2 At a concentration of 10 ~’ m, sulfanilamide, sulfapyndme, sulfaguam- 
dme, and sulfathiazole inhibited the formation of radioduodotyrosme and 
radiothyroxme 

3 The lodme-concentratmg capacity of survivmg thyroid shces (* c their 
capacity to remove l’“ from the Rmger’s medium) was not appreciably 
depressed by the presence of 10 ~’ m sulfanilamide m the medium 
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COVITAjMIN studies 

I THE SPARING ACTION OF NATURAL TOCOPHEROL CONCENTRATES 

ON VITAMIN A* 

ByK C D HICKMAN, MARIAN WOOBSIDEKALEY, AND PHILIP L HARRIS 
{From the Laboratories of Distillation Products, Inc , Rochester, New York) 

(Received for publication, October 4, 1943) 

The term “vitamin E” has been applied to a-tocopherol and to a lesser 
extent to the other tocopherols and certain synthetic compounds ( 1 ) which 
are variously able to restore feitihty to the depleted rat and cure muscle 
djstrophy m the depleted rabbit Recently, there has been recogmzed 
another actmtj of these substances, namely, the power to augment the 
A lutaimns (2, 3) A search of the hterature (4) and exploratory assaj-s m 
our laboratory suggest that this activity is perhaps a general one, extending 
bej ond the protection of lutamin A It is typical of the second activity 
that the mdividuahty of the modifying agent is not then in evidence, the 
agent merely influences the physiological activity of the other xutamin 
The phenomenon, which has come to be known as the “sparing or syner- 
gistic” action of vitamin E, will be referred to m these articles as contaimn 
E” activity The words sjmergy and synergistic will be retained for con- 
venience although it IS recognized that they should be reserved, strictly 
speaking, for those mstances in which a stoichiometric or a specific physio- 
logical hnkage is involved Covitamin E activity is not specific and is 
shared mterchangeably by the E ntamms and their congeners and even 
quite unrelated substances 

The present senes of papers will embrace a ivide field, m an attempt to 
cover covitamm E activity with the A vitamms, xutamins C and D, an 
certam hormones Through a dietary survey coupled with developments 
in analysis designed to exclude substances in food hitherto mistaken by us 
for vitamms E, an attempt will be made to correlate laboratory fin mgs 
with human needs 

The expenmental methods follow a simple pattern Conations are 
sought under vv hich the covitamins are substantially absent and t e vitaimn 
under study is present in border line amounts Groups of anima in t s 
standardized condition are then given increasing quantities of the covitamin 
ov er a wide, logarithmically spaced range and the relative performanc^ o 
the groups noted An example vvill illustrate one w ay of usmg t e me o 
80 depleted rats are each given 0 5 7 of crystalline vitamin A daily and are 
assembled mto eight groups of ten ammals, one group receiving no vi amm 

* Communication No 43 from the Laboratones of Distillation Products, Inc 
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E, the others increasing quantities of tocopherols as follows 0 015, 
0 05, 0 15, 0 5, 1 5, 5 0, and 15 0 mg daily The average weight gam of 
each group is noted ovei a 3 to 5 week penod 

The necessity of explonng the synergy over a wide dosage range has been 
encountered often in our work and through correspondence with other 
laboratones where there has been failure to observe the phenomenon 
Spanng action is an interrelation between quantities of two or more ac- 
cessory substances and must, therefore, be examined by a quantitative pro- 
cedure not hitherto often required m vitamin assays It is our expenence 
that varying the quantity of a covitamm can provide an assay result 
below, equal to, or above that of the \ntamin m a covitamin-free diet 
Only a graduated senes of assays can demonstrate the existence, position, 
and magnitude of the synergy Another cause of failure encountered in our 
early work is the accidental use of a diet deficient m more than the two 
vitamins under study With a dcficiencj of xntamm B complex brought 
bout by a faulty batch of yeast, the proportion of the \atamin E needed 
was altered 

It may be asked whether a sjmerg}’’ which can be obsen'cd only under 
such narrow and ngidly conti oiled conditions can possiblj be of importance 
in practical nutrition The answer, we feel, is definitely affirmative In 
the laboratorj , where the diet must contain plentiful supphes of all the food 
factors except the one undci studj, border line conditions are hard to 
secure In poorer homes and m wni-tom countries, border fine conditions 
are the rule rather than the exception Similar conditions arise on the farm 
The cow, for instance, in a natural habitat has enjojed such a bountiful 
supply of carotene that an efficiency of absorption of 0 1 to 1 0 per cent has 
amply sufficed for its \ itamin A needs The same animal domesticated and 
living on hay and dned alfalfa for half the year is on the nutntional border 
line for ntamin A (5) Indeed, rchevnng tins condition may w ell provide a 
test case for an applied vitamin A-E sjncrgj' 

The effect of synthetic a-tocopheiol in increasing the storage of vitamin 
A in the liver of the rat w as discovered by Moore and associates (6, V) 
Their classic experiments were both the starting point and inspiration of 
this research Our laboratorj" had for some j ears been convinced that the 
major i61e of vitamin E in nutntion would be found hnked wath its antioxi- 
dant rather than its antistenhty powers Moore’s expenments and, con- 
currently with our own fiist attempts, those of Sherman (8) and Quacken- 
bush (2) pointed the way to a geneial expenmental technique 

Moore’s experiment was with liver storage of vitamin A UTiether m 
Cl eased storage was accompanied with lessened or enhanced availability oi 
this vitamin A for the rat w as not revealed We have recast the expenment 
to test this point by attempting to answ er the following questions 
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Do varying quantities of \ itamin E (1) alter the vitamin A depletion time 
of ueanling rats, (2) alter the survival tune on a ntamin A-free diet of rats 
previously recemng a laige supplement of vitamin A, (3) alter the re- 
sponse of depleted rats to minimal doses of vitamin A, (4) affect the 
standard u s p vitamin A assay? 

EXPERIMENTAL 

A first requisite is a diet sufficiently low in vitamm A to fail to support 
life, and sufficiently low m vitamin E to respond to very small supplements 
of that substance It was less important for the diet to be completely de- 
ficient m vitamins A and E than that all other essential dietary factors 
should be retamed unspoiled For this reason, preparatory steps which 
involved natural rancidification, treatment with FeClj, etc , were avoided 
Most of the vitamin E in the standard tr s p diet for vitamin A depletion is 


Table I 

Compoatlton of Diets 



Diet to 

Diet IS 

Casein (purified), % 

18 

18 

Salt Mixture 2 (u s p XII), % 

4 

4 

Starch, % 

35 

35 

Cerelose, % 

30 

30 

Dried brewers’ yeast (tested sample), % 

8 

8 

Vitamin Dj, tim£s per gm diet 

5 

5 

" Bi, 7 per pm diet 

10 

10 

Wesson oil (approximately 0 04% tocopherol), % 

5 


Ohve “ (no tocopherol), % 

1 

S 


contamed m the specified 5 per cent of vegetable oil, usually cottonseed or 
com (Wesson or Mazola) The u s p diet for assay of vitamin A prepared 
Math ohve oil and fortified with vitamm Bi provided a suitable ration for our 
e'lpenments and one which was particularly sensitive to variations of 
vitamm A or E supplements In order to assure ourselves that evtra 
ntamm E may also be of benefit to the rat on a diet contammg an amount 
of this vitamin, by common consent considered sufficient, we retamed the 
u 5 p diet unchanged in some experiments This diet with Wesson oil is 
referred to as Diet 10, with the ohve oil-substituted ration as Diet 18 
Then composition is given m Table I 
The vitamin A supplements were, variously, the crystalhne alcohol, crys- 
talhne acetate, concentrates molecularly distilled from shark and dogfish 
111 er oil, and u s p Reference Oil II The vitamm E supplements were a 
concentrate from the molecular distillation of soy bean and cottonseed oil 
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products The concentrate contained 40 per cent of an equal mixture of 
natural a- and 7 -tocopherols wth small, unknou-n quantities of the p 
compound ‘ The concentrate, which remained remarkably constant in 
composition fi om one batch to another, was chosen because it represented 
the most plentiful source of the vitaimn, and the findings, if useful, could at 
once be put to practical account We shall show in a later paper that the 
sparing action is shared in equal degree by the three tocopherols, with the 
mixture, perhaps because of overlapping oxidation-reduction potentials, 
appearmg to possess enhanced activity 
Both vitamin A and E concentrates were given by calibrated dropper 
If the vitamins were dissolved in the olive oil and incorporated in the diet, 
the vitamin A was completely lost, perhaps by surface oxidation dunng the 
hours between mixing and consumption If the vitamin A was given by 
dropper and the vitamin E in the olive oil-feed mixture, the synergistic 


Tahi-e II 

Effect of Tocopherols on Vilamtn A Deplclton 


Tocopherol 

supplement 

No of 

rats 

Time for 
depletion 

Standard j 
error 

Sisnificance ' 
{P) 

Gamin 

TPCipht 

during 

depletion 

Standard 

error 

Sigtuficance 

ipy 

per day 


days 

days 

per cent 

tm 

[m 

Per cent 

0 

27 M 

30 5 

0 78 


71 6 

2 1 


0 3 

25 “ 

33 G 

1 14 


83 1 

3 4 


0 

10 r 

32 3 

1 28 

13 

65 2 

3 6 

90 

0 3 

10 “ 

35 9 

1 77 

64 4 

56 


* These values represent the chances that the differences concerned may be acci 
dental Those less than 5 per cent are considered significant 


effect w as absent or at least far infenor to that produced by an equivalent 
quantity of vitamin E as naturally occurnng in the Wesson oil of Diet 10 
Extra vitamin E added to the Wesson oil and then to the diet faded to con- 
fer commensurate benefit with vitamm E admimstered by dropper either 
on Diet 10 or 18 In so far, then, as oui findings can be projected to human 
nutntion or that of farm ammals, the synergj' would be expected w'hen the 
vitamin E is administered by capsule or bolus, and not expected when added 
as a concentrate to prepared foods - 

Vitamin E and V ilamin A Depletion Period — ^Approximately 70 rats weie 


1 The tocopherol concentration in per cent was calculated by multiplying the value 
of E (1 per cent, 1 em ) (295 mff) by the factor 1 25 

• The failure of vitamin E concentrates to survive in powdered food should be re 
garded ns a temporary situation which is being overcome as various details of tech 
nique are mastered 
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placed on Diet 18, ad hbitum, from the time of neamng One-half of the 
group nas given 03 mg of tocopherols in olive oil by dropper The de- 
pletion time and v eight gams are recorded in Table II The difference 
betv een the mean gain in v eight for the male ammals recemng tocopherol 
and those receiving none is 2ughl3’- significant The difference in depletion 
penod IS also statistically significant Omng to the smallness of the 
groups of female animals, the shght differences between them has no sig- 
mficance as an isolated evpenment Hove\ er, in all the data accumulated 
a lesser sensitivity to ntamin E and a lesser mortaht5’’ on border line sup- 
plements are seen to have been exhibited bj' young female rats compared 
mth males 

Survival Time FoUovnng Single Large Dose of Vitamin A — ^Fia e groups of 
depleted rats were maintained on Diet 18 and the number of daj^s noted for 


Table III 

Effect of Tocopherols on Response of Depleted Rats to Single Dose of Vitamin A 
(Eight Male Rats to a Group) 


Tocopherol | 
suppleajent | 

VUamm A | 
supplement | 

Growth response 

l 

A\ crage 
survival Ume 

^ days 1 

i} Says 

20 days , 


2$ days 

mg per day 

untUper 

day 

gm 

gm 

gm 

gm 

gm 

days 

0 

0 

1 6 

-5 7 

-15 0 

-31 0 (4)* 


1 29 ± 2 5 

1 5 

0 

-6 4 

-10 3 

-16 4 

-20 9 (2) 


39 ± 4 0 

0 

50 

10 9 

26 2 

24 1 

20 5 

9 0 

46±3 1 

0 15 

50 

8 6 

20 4 

25 9 I 

21 0 

15 8 

52 rfc 2 5 

1 5 

SO 

4 2 

15 4 

21 6 

23 5 

23 0 

51 i 1 7 


* The figures in parentheses represent the number of rats that died during the 
experiment 


the survival of each animal Ammals m three of the groups receited a 
smgle dose of vitamm A (distilled ester concentrate, 50 u s p umts) at the 
start, the others received no vitamm A One of the control and one of the 
groups given vitamm A received no tocopherol, the others 0 15 mg and 1 5 
mg daily, respectively, as recorded m Table III In this and tivo other 
similar experiments a relatively small mcrease m v eight gain and time of 
survival is provided by the tocopherols It is evndent from later v ork 
that the optimum tocopherol supplement hes between the two xalues 
chosen _ 

Effect of Vitamm E on Gronth Induced by Daily Supplements of Vitamin 
A — Weanlmg rats vere depleted on Diet 10 and then assembled m large 
groups uhich were giien i^anous forms of xntamm A daih The large 
groups were spht into subgroups and gii en quantities of tocopherols ranging 
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from 0 025 to 5 0 mg dail5 Diet 10 was used throughout the test penod 
except where stated otherwise Table W shows an exploratory assay 
covering a relatively small range, which, ne\ ertheless, demonstrates the 

Table If 

Growth Response and Svriiial Time, of Groups of Eight Rats, Induced by Pure 
Vitamin A {0 4S y per Day for S8 Days) and Influenced by Various Levels 
of Tocopherol (Diet 18) 


GroupNo 

Tocopherol 

supplement 

Growth response | 

Survival time 

2Sd&ys 

4Sda>s 

Average 

Suodard 

error 


rnf per day 

grt 

r« 

days 

days 

I 

0 

8 C±3 6 

7 2S±1 4 

43 5 

5 8 

II 

MSm 

20 7 ± 3 1 

20 4 ±2 8 

67 8 

3 2 

III 


28 8± 1 1 

30 5 ± 3 7 

63 4 

3 6 

IV 

BBI 

27 0 ± 3 5 

29 3 ±39 

63 5 

1 8 


■9 

31 7 ifc 3 5 

39 0 ±69 

1 60 9 

1 3 


Table V 


Growth Response Induced by Pure Vitamin A and Pure Vitamin A Acetate As 


Influenced by Tocopherol Supplementation 


Mixed 

toeoph 

erol 

supple- 

ments 

<iaU> 


Diet 18 + 0J7 

YMUtnm AOH 


Diet IS + 0 40 7 vitamin A acetate 

No o{ 
rats* 

Gain to 

Stand 

ard 

error 

35 da> s 

B 

No o1 
rata 

Gam in 

Stand- 

ard 

error 

35 dafs 

Relative 
rate of 
growlht 

16 

daj's 



16 daj’s 

25 daj-s 

35 d3>'a 

nt 

■ 

gn 

(Tt 

gm 

gm 



gm 

gm 

gm 

gm 


0 0 

19 

19 3 

29 4 

29 4 

3 2 

0 21 

7 

19 7 

22 8 

35 1 

3 3 

0 12 

0 025 

19 


29 3 

32 6 

3 1 

0 23 

10 

21 7 

33 3 

40 1 

4 7 

0 29 

iniin 

il 


45 1 

48 3 

6 5 

0 23 

8 

19 7 

32 8 

37 1 

3 1 

0 31 

E19 

ffii 

28 4 

41 6 

49 7 

5 5 

0 26 

9 

23 1 

44 1 

51 7 

3 9 

0 38 

0 30 

10 

31 5 

48 5 

55 2 

6 2 

0 27 

9 

21 8 

35 7 

42 0 

2 9 

0 32 

0 50 

9 

28 7 

50 5 

54 7 

4 0 

0 31 

8 

22 9 

39 2 

47 1 

6 1 

0 34 


10 

28 4 

43 3 

44 6 

5 6 

0 22 

8 

19 9 

33 2 

42 5 

4 6 

0 36 


10 

30 5 

44 4 

48 5 

4 4 

0 24 

8 

24 5 


46 9 

3 4 

0 32 


* Ten rats were used for each group The number reported shows those that 
surviv ed the experiment Most of the deaths occurred in the first few daj s and indi 
cated overdepleted animals 


t 


Calculated approximately as 


w eight at 35 daj s — w eight at 16 da> s 
weight at 35 daj s + m eight at 16 daj s 


s} nerg>' excellently A growth of 8 G gm in 28 da} s for the group receiving 
no tocopherol may be compared wnth a growth of 32 gm for the group given 
the optimum amount and an estimated 24 gm for an amount of tocophero 
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equivalent to that in Diet 10, the standard u s p assay diet, all in the 28 
day period At the end of 28 days, the vitamin A supplements vere 
stopped, u hile the vitamin E v as continued The additional time that the 
rats survived v as 43 dajs (average) m the case of \atarmn A alone, 61 days 
with vitamin A and optimum vitamm E 



Pig 1 Effect of tocopherols on growth response induced by vitamin A Values 
in parentheses represent the amount of vitamin A fed daily during the 35 day 
expenmental period 



005C (mgs "hCJSoj) 


Fig 2 Effect of varying tocopherol intakes on relatiie rates of growth response 
to vitamin A (see Table V) 

More thorough surveys vere made, with a shghtlj’’ larger supplement of 
crystalhne vitamin A and a smaller supplement of crj'stalhne vitamin A 
acetate The enhancmg effect of vitamm E is evident with both com- 
pounds (Table V), reaching a maximum at about 0 15 mg daily inth the 
acetate and at about double the quantity with the free ntamm This 
roughly parallels the relative quantities of tocopherol needed to provide 
equal stabilization of the tv o forms m oil solution tn vitro 

The optimum position of the S 3 Tiergj v^anes sbghtly vith the cntena 
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adopted, whether total gam in weight or maintenance of gam during the 
second half of the test period, reported under "slope of growth cune” 
The smaller dose of ntamin A acetate is seen to take a longer time to ac- 
cumulate to the point of promoting growth than the larger dose of ntamin 
A, but its supenor stability in mvo makes the total quantity aa ailable to the 
animals relatively greater as the assav pioceeds The relation between 
gam in weight and vitamin E supplement is shown in Fig 1, and the 



Fio 3 Influence of tocopherols on growth induced bj \ itamin A at vanous times 
during the experimental period 


Table VI 

Efftcl of Tocopherols on Ulitizaiwn of Vtlamtn A from U S P Reference Oil U 


Mixed tocopherol 
supplements daily 

Diet 10 + 1 < units Mtamm A. daily 

Diel 18 + 1 n units MUmia A dsily 

No o( rats 

Gam ID 78 d3>'s 

No of rats 

Gam m 7S da>‘3 

mt 

mniiiii 

fW 


tm 

0 0 


28 4 

£>(2) 

39 7 

0 05 


29 1 

10 (2) 

55 7 

0 16 


56 3 


52 0 

0 50 


42 9 


44 9 

1 5 


47 8 


63 9 

5 0 


34 3 

11 (2) 

SO 5 


• The figures in parentheses refer to rats that died during the experiment 


relation between the slope of the growth curve and aatamm E m Fig 2 
Data from the expenment reported here and others are summanzed m 
Fig 3 

For the expenmen ts wath fish liver oil in place of pine aatamin A prepara- 
tions usp Reference Oil II was used The senes was earned 
duplicate wath the standard usp diet (No 10) as well as Diet 18 to n 
out whether the vitamm A-E synergy should be taken into account m 
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loutine asba^ procedures The findings are recorded in Table IT The 
ordinary u s p diet is highly sensitu e to the addition of tocopherols It is 
interesting to note that the uniformitv of response and general condition of 
the rats are bettei on Diet 18 mth supplemented olive oil than on the more 
usual formula 

A numbei of questions anse from the last experiment, ansn ers for v hich 
vnll be attempted m a later paper Is the vitarmn E synergy self-com- 
pensatory m standard assays, or does it affect the test sample and the 
reference oil in different degree’ Does the synergy persist at higher dosage 
levels’ The subject will be developed further m connection mth carotene 
and vitamin E 


SUMMARY 

Natural vitamin E (mixed tocopherols) is shoivn to enhance the growth- 
promoting pou er of vitamin A alcohol, vitamin A acetate, and u s p 
reference oil 

The time taken to deplete young rats of vitamin A and the survival time 
after vitamin A supplementation has ceased are shown to be increased by 
vitamin E 
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COVITAMIN STUDIES 


II THE SPARING ACTION OF NATURAL TOCOPHEROL CONCENTRATES 

ON CAROTENE* 

Br PHILIP L HARRIS, MARIAN WOODSIDEKALEY, AND K C D HICKMAN 
(From the Laboratories of Distillation Products, Inc , Rochester, New York) 

(Received for publication, October 4, 1943) 

Existing information regarding the interrelationship of carotene and 
tocopherol has been recently reviewed by Quackenbush et al (1) The 
present experiment adds further data toward the clanfication of the mech- 
anism of this mterrelationship 

The crystaUine carotene used in these expenments was obtamed from 
the S M A Corporation and consisted of approximately 10 per cent a- 
carotene and 90 per cent /3-carotene The vitamm E nas a molecular 
distillate from soy bean and cottonseed oils, the diets. Nos 10 and 18, nere 
modifications of the u s p diet for assay of vitamm A depletion These 
conditions and the general procedure were as descnbed in a prenous 
article (2) 

EXPERIMENTAL 

Exploratory assays with carotene gave results which nere mconsistent 
nith those for vitamm A Thus, 4 2 y of carotene daily, with and without 
the daily addition of 5 0 mg of tocopherols, afforded in 28 days nearly 
equal average growths, 65 and 66 gm The growth induced bv 1 1 y of 
carotene alone was depressed from 41 8 gm m 28 daj s to 27 7 gm m the 
group receivmg 5 mg of tocopherols daily The high response of the group 
receivmg no added tocopherol was due m this early work to the use of Diet 
10 (u s p diet contauung Wesson oil) The values, which corresponded to 
those expected when the assays were extended over a much wider range of 
dosage, are reported here to emphasize the need for searchmg for the ap- 
propnate conitions if the optimum synergy is to be detected 

The most sensitive carotene intake for young rats weighing about 100 
gm has been 0 8 to 1 0 y dady in our expenments With less carotene the 
effect IS greater, but too many animals die durmg assaj An earl^ expen- 
ment with 0 8 y of carotene and Diet 18 is shown m Table I Here, losses 
m weight of 6 to 22 gm , tenmnatmg m death for rats recemng 0 05 mg 
or less of tocopherol daily, become gams of 25 to 32 gm , with the whole 
group survivmg when 0 5 to 1 5 mg of tocopherols are included The ex- 
periment has recently been repeated (Table II) with Diet IS, which has 

• Communication No 52 from the Laboratories of Distillation Products, Inc 
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both depleted and nonnal undepleted rats The assay on the depleted 
rats was uneventful, all the animals surviving When 30 y of carotene 


Tabix II 

Effect of Tocopherols and Aseorbtc Acid on Growth Responses Induced by Carotene 

{1 S y per Day)* 


Group No 

Tocopherol 

supplement 

No 

of 

male 

rats 

Ori^n&l 

weight 


Average gam or loss m weight 


22 doj 5 

20 days 

28 days 

36 days 


mg per day 


gm 

gm 

gm 

gm 

gm 

I 

0 

12 


6 9 (3)t 

16 4 (3) 

23 5 (5) 

27 2 (5) 

III 

0 025 

10 

114 7 

15 1 (1) 

23 3 (1) 

30 4 (3) 

37 0 (3) 

TV 

0 05 

10 

109 4 

12 8 (2) 

22 4 (2) 

37 0 (2) 

44 1 (3) 

V 

0 15 

11 

■OMil 

14 7 (2) 

27 0 (2) 

37 0 (2) 

38 0 (2) 

VI 

0 5 

11 

115 4 

17 6 (3) 

30 9 (3) 

43 9 (3) 

50 6 (3) 

VII 

1 5 

11 

111 3 

9 3 (4) 

24 7 (3) 

37 1 (3) 

43 9 (3) 

VIII 

5 0 

11 

101 8 

9 9 (1) 

10 8 (1) 

15 6 (2) 

21 9 (3) 

I-A 

0 

6 

116 5 

-5 5 (2) 

9 0 (3) 

15 0 (5) 

18 5 ± 3 6 (5) 

I-B 

0 + 1 mg 
ascorbic 
acid per 
day 

8 

115 5 

3 8 (2) 

12 0 (3) 

25 1 (3) 

29 0 + 4 6 (3) 


* Baaed upon the assumption that the E (1 per cent, 1 cm ) (450 mp) equals 
2200 for the carotenes present in this solution 

t The figures in parentheses represent the number of rats that died during the 
experiment 


Table HI 

Growth and Survival Time Induced by 4 7 y per Day of Carotene and Influenced by 

Tocopherols (Diet IS) 


Group No 

Tocopherol 

suppiemeat 

No of 
male rats 

Growth response 

SuTYival tune 

2S days 

48 daj-s 

A>engc 

Standard 

error 


mg per day 


gm 

gm 

days 


VIII 

0 0 

9 

51 6 ± 4 6 

45 9 db 7 9 

53 5 


IX 

0 05 

7 

63 7 ±5 9 

60 8 ± 7 2 

' 59 1 


X 

0 15 

7 

66 3 ± 6 1 

68 4 ± 7 8 

76 5 


XI 

0 5 

1 7 

66 9 ± 2 9 

64 4 ± 6 0 

78 0 


XII 

1 5 

‘ 8 

52 9 ± 7 3 

69 8 + S 6 

79 0 



•The carotene supplement was fed dailj from depletion for 28 dal's, while the 
tocopherol supplement was continued daih until death occurred 


M ere fed daily, on a daily dosage of tocopherol of 0 0 mg the gam m weight 
in 28 days was 125 gm , on 0 5 mg , 129 8 gra , on 1 5 mg , 129 1 gm , on 
5 0 mg , 134 1 gm 
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For the other high carotene expenment, normal weanhng rats were 
transferred to Diets 10 and 18 and fed 0 3 7 of carotene daily and m sub- 
groups, varying quantities of tocopherols for 5 u eeks All the groups u ere 
then given 30 7 of carotene daily for a further 5 u eeks, that is, until termina- 
tion of the expenment The growth responses are listed in Table W 

Tabi,e IV 


Groujfh of Weanhng Male Hals on Vtlamtn A-Frec and Vitamin E Free Diets 
Supplemented Daily with 0 S y of Carotene for First B Weels 
and with SO y for Next B Weeks 


Diet 

No 

Tocopherol 

supplement 

No of 
rats 

1 

Gain in weight 

1 0 J Tf carotene j 

[ 30 7 carotene 

1 wL 

3 whs 

5 nhs ' 

1 wt 

3 wks 

S wVs 


tnj per day 



Sm 

tm 


tm 

tm 

18 

0 0 

9 

27 0 

36 3 

29 S 

15 2 

61 3 

■HUM 


0 015 

9 

26 3 

34 7 

30 2 

24 4 

67 5 

111 4 


0 05 

9 

24 3 

39 5 

41 2 

27 7 

68 4 

111 8 


0 15 

9 

26 9 

41 4 

47 3 

27 0 

77 0 

■ittliB 


0 5 

9 

23 0 

46 8 

56 4 

22 5 

68 9 

1 113 3 


1 5 

9 

27 9 

53 6 

58 0 

27 0 

80 6 

122 1 


5 0 

9 

26 0 

40 2 

48 3 

23 8 

79 2 


10 

0 0 

s 

22 4 

32 2 

31 7 

20 4 

69 2 

115 9 


0 15 

s 

21 2 

41 3 

43 4 

23 2 

76 9 

122 3 




Without catoiene supplement 




18 

0 0 

n 

27 1 

29 7 

21 2 ) 411 





0 15 

B 

25 3 1 

1 

26 3 

22 5J dead 






DISCUSSION 

There is not the space to comment on all the information available from 
Table IV, but w e consider that the trends in this and other tabulations 
become related and intelhgible under the follow mg postulates (a) Small 
quantities of tocopherols are sjmergistic with small and moderate intakes 
of carotene Larger quantities of tocopherols are neutral or antagonistic 
towards small intakes of carotene (b) There is a defimte ratio betiveen 
carotene and tocopherol intakes, so that the potency of large quantities 0 
carotene benefits from increased quantities of tocopherol (c) The toco 
pherols are synergistic wuth other dietary factors at concentrations highof 
than the optimum for carotene They are also useful to the rat withou 
relation to the other vitamins 

Applying these postulates to Tables I and II, one notes the depressing 
effect of high lea els of tocopherol, because m these assays the supp Y ° 
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cirotcno is the hmituiR and only growth fnctoi mvohcd In Tabic III 
a high tocopherol supplement Causes onh a slight icpiession of giowth 
because 4 2 7 of caiotone aio somewhat above the maiginal supply and 
a small depression of svncigv does not leave the animal sensibly slioit of 
1 itamin A Tlio high oaiotoiio Im els of Table IV arc definitely benefited bv 
evccssiocopheiols The fate of part of the carotene is now iminateiial and 
the lat IS able to use the e\tia tocophciol in a piiman manner or as a pio 
tcctuo agent for othei dietaii factois In any o\cnt, the o\pciimoiits 
indicate that the spaiuig action of vitamin E for caiotcno is the main 
phenomenon 3 he same rigid pi oof w as not adduced in the ]irc\ lous paper 

on the vitamin A-vitamm E syneigj',' but it is bclic\cd that the iirescnt 
experiments could bo consideicd to apply to vitamin 'V also 
No c\pci imenlal evidence has been advanced lieic that the spaiing action 
obsoivcd in the lat occuis in othei aniinals and humans Assuming that 
it docs (and much evidence to this effect will be picsontcd clsowheie), wo 
niai examine the magnitude of the saving of A Mlaniins that would be 
imohed by the adojition of vitamin E supplements 
Ihc figures to bo consideicd first aic tliosc apphaig to the lat under 
the conditions of the cxpciiment Assuming that Diet 10 contained 0 2 
nig of tocophcrols pci 10 gm , which is about the daily consumption per 
rat, and that the loyol was to bo laiscd aitifieialh to 0 fi mg , then 0 8 7 
of caiotone w'ould hayo the effectiveness of 1 0 ■> , 0 3 mg of tocojiherols 
would “create” 0 2 7 of caiotone However, the diet of humans and most 
animals docs not contain 5 jioi cent of vegetable oil relatively iich in vitamin 
E, so that it IS w'orth while to consider the spaiing action on pooiei diets 
containing, say, 0 1 mg of tocophciols per 10 gm The data liaxc been 
estimated fi om the cui ves of Fig 1 and listed in Table "V 


* It la intoroatinR to oomparo tlio nonrlj rquivnlont Rrow lli responso at optimum 
iiorpy for \ nnous Corma of \ itamiii A Data from thia ami the pro\ 1011 a paprr lia\ 0 
boon tabiilatoil boro Tbo fiRiirca liappoii to abow a rclatuo bioloRical potoiicj of 


KlnJ of vitamin 

Dali) 

»uj>plfment 

ToropltrroU. 
optimum (lali) 
auppifinrnt 

AvrraRr 
ur));ht rain 
in iia\ a 

I ^llmalcil vitamin cquKalfnti 

for equal i;aini in 


y 

mi 

im 

y i 

ratict 

Vitamin A Oil, 






crjatallino 

0 r.7 

0 i-o 5 

50 5 

os 

1 0 

Vitamin A aoo 






late, orjalalluio 

0 to 

0 16 

11 1 

0 1 

0 8 

Carotene j 

1 2 

0 6 

13 0 

12 1 

2 •! 


approximatoly 2 1 for ^ itamiii A and caroteuo in support of current thcorica of caro 
toiio coni oraioii Much more cxiicrimcnl \lion la required before tbo relatii e poten- 
cica, dietarj and intrinaio (that is, under tbo inlliicnce of identical nbaorption factors, 
S ) of tlieao forma of tbo A Mtamina are known with ecrtaint} 
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Table V suggests that relatively small quantities of extra carotene are 
made available by extra vitanun E if this is administered under usual 
dietary circumstances Hou ever, more optimistic deductions can be made 
from a plot denved from all the assaj's of this paper, as in Fig 2 Here 
it is seen that the groiidh of rats on the four dose levels of carotene ex^plored 
(0 8 to 30 7 daily) mtbout tocopherols falls well enough on a straight line, 



Fro 1 Influence of various levels of tocopherol intake on the grourtb response 
induced in vitamin A-deplctcd rats by carotene 

Table V 

Actual Quantity (A) o/ Carotene Which Will Be Required unth (F) Mg oj Tocopherol to 
Give Groicth Equal to (Z) Micrograms of Carotene with 
Optimum ((7 S Mg ) Tocopherols 


The values are given in micrograms 


Diet contains 

Z - 

■08 

Z - 

■ 12 

Z " 

■ 47 

Quantity \ 
xtquiTcd 

Caroltnc 
*'ctcat«d' • 1 

Quantity \ | 
requited 

Carotene 

created 

Quantil> \ 
requirw 

Carotene 
* created 

0 0 

2 0 

1 2 

1 5 0 

3 8 

10 0 1 

1 5 3 

0 05 

1 5 

0 7 

' 2 5 

1 3 


2 3 

0 10 

1 2 

0 4 

2 0 

0 8 


0 3 

0 20 

1 1 0 

0 2 

1 5 

0 3 

47 1 

0 0 







— ~ 


• The quantity of carotene ‘'created” = A' — Z 


Curve 1 connecting weight gam uith logarithm of dosage Curve 2, con- 
nectmg the extreme assays, indicates the growth to be expected when 01 
mg of tocopherols is included m the diet Curv'es 3 and 4, draw n through 
pomts on the ordinate for 1 2 7 of carotene, show two expenmental weight 
gams which have been obtamed from 0 3 mg of mixed tocopherols (Curve 
3 ) and an even more complex mixture - Here the covitamin E complexes 

> See Paper III of this series 
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have “created” 3 2 to 5 4 7 of carotene from an actual 1 2 7 (A and B of 
Fig 2) If ve consider as conservative figures those in bold face m Table 
V and as optimistic those just given, it is evudent that 1 mg of tocopherols 
can “create” 2 to 10 7 of carotene for the rat on a deficient diet In terms 
of large commercial quantities, it is seen that to make available 10 tnlhon 
(10'^) umts more of mtamm A from carotene m the Amencan diet, 0 6 to 
3 0 million kilos of tocopheiols would be required, rather fantastic quanti- 
ties Almost identical quantities can be deduced for the tocopherol re- 
quired to spare or “create” 10 tnllion units of vitarmn A bj’’ admixture with 
fish hver oils 



Fio 2 The dese-response relationships of carotene and various covitamin effects 
Curve 1 carotene alone, Curve 2 carotene plus 0 1 mg of tocopherols per day, Curve 3 
carotene plus 0 3 mg of tocopherols per day. Curve 4 carotene plus 0 25 mg of tocoph- 
erols plus 1 0 mg of palnutjl ascorbic acid per daj A and S represent quantities of 
carotene apparently “created” by covitamin E complexes 

There are, however, important adjustments to be made m the calcula- 
tions when one passes from a consideration of rat to human dietaries It 
wdl be suggested in Paper III that the tocopherols giare vitamm A chiefly 
because they are mtestmal antioxidants It is evidently their absolute 
concentration m food that is significant and not then relation to body 
weight or, vithm limits, to the quantity of carotene present Humans eat 
10 tunes less m relation to body^ weight than do rats, but consume an equal 
or larger relative quantity of carotene The amount of tocopherols re- 
qmred to create a umt of carotene would thus be dimnushed 10 to 100 
tunes The revised calculation assumes a human food mtake of 700 gm 
of dry weight daily and an optimum tocopherol mtake of 0 5 mg per 10 
gm (the ratio found for the rat), from which the total daily optimum mtake 
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of Vitamins E is seen to be about 35 mg per person If it is assumed also 
that the poorest diet contains 0 1 mg per 10 gra , then the optimum human 
supplement would be 28 mg of tocopherols daily The vitamin A levels 
m vanous income brackets have been estimated to extend from 1500 vsp 
units daily to 3500 units (3) The tocopherol supplement to vitamin A 
ratio w ould thus be about 28 mg to 2500 units Aetuallj , the exact figure 
IS unimportant, for if the vitamin A level were dangerously low, the toco- 
pherol would impart maximum benefit, and if it were high, the vitamin E 
i\ ould “create” most vitamin A To achieve this balanced protection, the 
per capita requirement of tocopherols w ould be about 10 gm annually, by 
no means a fantastic figure 

These very tentative calculations would not be presented were it not for 
their possible significance in the present food situation and for the fact that 
they can probably be checked by direct climcal experiment Indeed, the 
calculations should promote the experiment For instance, the increase of 
vitamin A m blood plasma and tissue (biopsy) following medication ivith 
vitamin A, i\ ith and without vitamin E, and the spontaneous increase m 
vitamin A v ith vitamin E alone can readily be determined and correlated 
■with the rat data There is little hope of doubling the world’s external 
resources of vitamin A in the next j ear or so, clinical measurements should 
show whether or not it is feasible to double or treble those resources inter- 
nally by the use of extra coi itamin E 

SUMMARl 

The vitamin A actu ity of carotene is markedly influenced by the toco 
pherol intake of the experimental rats Approximately 0 5 mg of natural 
mixed tocopherols is the optimum daily dose to demonstrate the sparmg 
action of vitamin E on carotene 
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III THE SPARING EQUIVALENCE OF THE TOCOPHEROLS AND 
MODE OF ACTION* 

BtK C D HICIGSIAN, MARIAN WOODSIDEKALEY, AND PHILIP L HARRIS 
(From the Laboratories of Distillation Products, Inc , Rochester, New York) 

(Received for publication, October 4, 1943) 

FoUo'VMng the venfication of a general synergy between the tocopherols 
and the A vitamins ( 1 , 2 ), we have sought to make quantitative compansons 
of the spanng pou ers of pure individual E covitamms and covitamin esters 
The substances chosen include the S3mthetic dl-a- and dZ--y-tocopherols in 
free and estenfied condition, the natural a-, /S-, and 7-tocopherols in vanous 
states of combination, ascorbic acid, hydroquinone, and some of their 
denvatives 


EXPEHIMENTAt, 

The spanng action of these substances has been studied by the method 
recently descnbed In the present instance, the synergies were compared 
at the expected optimum concentration of covitamin, about 0 15 to 0 3 
mg per day per rat, and not over the extended senes of concentrations 
required m the exploratory woik Thus, in a single experiment in which, 
for example, ten substances are compared, a group of 100 or more rats 
Mould be depleted on Diet 18 (the u s p xitamin A-free diet compounded 
■with vitamm E-free olive oil), all fed a uniform daily supplement of crystal- 
hne ntamin A (0 5 to 0 7 7) 01 carotene (0 8 to 1 2 7), and then dinded into 
groups of eight to tuelve animals, each subgroup receiving the same 
molecular equivalent of a different covitamin Tmo control groups, one 
receivmg neither \itamin nor covitamin, the other no covitanun, would 
usuallybeincluded Wehavebeenimpressed with the uniformity of response 
and the ease ivith ■\^hlch the values could be duphcated and, thus, checked 
It u as as though an unrecogmzed factor contnbutmg to the erratic behanor 
of vitamin A assays, namelj the quantity of the covitamm occurnng in the 
diet, ivas coming under control The experimental results aie recorded in 
Table I, ivhere it Mill be seen that (1) the spanng action is a property of the 
free tocopherols and onlj to a smaller extent of their esters, (2) the separate 
natural a- / 3 -, and 7-tocopherols aie equallj active within the error of 
experiment, (3) the mixture, as distilled from edible oils, is shghtlj more 
active than anj of the tocopherols separately The effect is discussed fur- 

* Communication No 53 from the Laboratories of Distillation Products, Inc 
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ther below, (4) tvo spanng agents, palmityl ascorbic acid and the toco 
pherols, acting in unison exert a greater synergy than any of the agents 
separately 


Table I 

Effect of Various Covitamins on Uithzalton of Vitamin A and Carotene 


Covitamin 


Control group 
Distillate, natural tocoph 
erols* 

Natural a tocopherol, 
pure 

Natural^ tocophoro),pure 
Natural 7 tocopherol, 
pure 

Natural a tocopherjl acid 
succinate 

Natural a tocopheryl 
quinone 

Natural a tocopheryl 
hydroquinone triacetate 
Hj droquinone 
Laurjl hj droquinone 
p Aminobenzoic acid 
Ascorbic acid 


Control group 
Distillate, natural tocoph 
erols 

dl Tocopheryl acetate, 
synthetic 

Palmityl ascorbic acid 

II 11 II 

distillate, natural toe 
opherols 


Crystalline vitanm A 

Crystallme /3 'Carotene 
(S il A ) 

Daily dose 

No of 
rats 

Average weight 
gams in 

Daily dose 

No 

Aver 

age 

weight 

Covi 

Vita 

16 

28 

16 


Vita 

rats 

10 36 

taraln 

mm 


days 

days 

days 

tamm 

mm 


days 

mg 

7 


gm 

gm 

gm 

my 

7 


gm 

0 0 

0 57 

10 

18 1 

27 8 

■ 

0 0 



1 9 

0 13t 

0 57 

12 

35 1 

52 9 

57 7 

0 42t 


M 

30 8 

0 15 

0 57 

10 

24 3 

38 9 

48 9 

0 50 


IR 

26 8 

0 15 

0 57 

10 

31 4 

40 P 

48 8 

0 50 

0 79 


30 4 

0 15 

0 57 

10 


41 5 

45 8 

0 60 


H 

30 3 

0 15 

0 57 

10 

27 2 

32 2 

35 0 





0 15 

0 57 

10 



47 9 





0 15 

0 67 

10 



m 





0 15 

0 57 

10 



PI 

0 13 


10 

3 3 

0 16 

0 57 

10 



54 5 

0 35 


10 

27 9 

0 10 

0 57 

10 





M 

10 

7 4 







1 0 


10 

HiB 









10 









1 2 

10 

21 6 








1 2 

10 

63 1 







0 30 

1 2 

10 

24 3 







1 0 

1 2 

10 



1 





1 0 

0 25t 

1 2 

10 

80 8 


* Prom molecular distillation of mixed cottonseed and soy bean oils 
^ These quantities were originally believed to have been 15 per cent greater, 
namely, 0 15, 0 5, and 0 3 mg by the method of physical analysis then in use 
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DISCUSSION 

Davies and Moore (3) in their description of vitamin A-E synergy in the 
hi er concluded that the increased storage was due to repression of oAidation 
by the tocopherol which behaved as an antiovidant “The toeopherols 
are higher substituted members of the class of hydroxy-aromatic substances 
of which hydroquinone is a lower and less hydroxylated member often 
used for stabihzmg solutions of vitamm A in fats The toeopherols may 
possibly have a similar action under physiological conditions ” Evidence 
that the synergy is due to repression of oxidation is furnished by the effect 
of ascorbic acid, lauryl hydroqumone, and other substances of established 
antioxidant character, in spanng the A vitamins Again, the action of the 
toeopherols is repressed by esterification It is well known from in vitro 
experiments that the protective action of aromatic antioxidants is destroyed 
when the reactive group ( — OH) is covered The residual activit5^ in vivo 
may be attributed to hj-^drolysis There is good reason to believe that the 
effect IS exerted chiefly in the mtestmal tract Quackenbush and asso- 
ciates (4) have already stated “ in promotmg a biological response to 
carotene the tocopherol functions as an antioxidant in the gastrointestinal 
tract rather than as a vitamin regulating some phase of metabolism m the 
tissues ” Our own evidence for mtestmal action is the alteration of synergy 
when the vitamin and covitaimn are given at different times or by different 
routes If the effect w'ere physiological in nature as through the stimula- 
tion of a nerve or endoenne mechanism, separation of time or route should 
be relatively unimportant If the effect is chemical and confined to a 
defimte locahty, simultaneous amval of the vitaimns at this locality will be 
beneficial 

The data assembled m Table II support the second alternative Here 
it IS seen that giving the free vitamms on alternate days diminished the 
Synergy to below that of the estenfied covitamms Admimstenng the 
vitamm E by intramuscular route is mefficient no matter how the vitaimn 
A IS mtroduced Surpnsmgly enough, giving the covitaimn by the oral 
route effects a maximum synergy vnth the vitamin A given parenterally 
This accidentally crucial experiment demands an extension of the simple 
theory based on mtestmal antioxis Evidently, vitanun E or its equi- 
valent, diffusmg inwards through the mtestmal muscosa, protects the 
A vitamins even when these are not present in the intestine It may be 
assumed as a workmg hypothesis that that portion of the bodj- reserves of 
A vitamins which is at any moment circulatmg m the blood stream (and this 
portion m turn is m dynamic equdibnum with the body reserves so that 
wasting one exhausts the other) will be m danger of destruction each time 
it passes through the vascular sjstem connected with the mtestmal wall 
The enzymes and oxidizmg agents wduch ordmanly endanger the vitamm 
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A during digestive absorption -will again be dangerous when the vitamin 
approaches the same wall fiom the other side 
There are three ays, similar m effect, but different m mechamsm, by 
which the substances of Table I can spare vitamin A The true anti- 
oxidants inhibit oxidation without necessarily being concerned vuth the 
oxygen reserves of the medium In this class uould be placed the to 
copherols and lauryl hydroqumone The second group includes actne 
reducmg agents which dimmish the oxygen contents or potential of the 
medium Their effectiveness becomes greater at high concentration and 
they themselves are consumed in exerting their function This class is 


Table II 

Effect of Different Methods of Admimstration on Covitamin Activity of ToeopheroU 
0 represents oral, I , intrapentoneal, S , simultaneous, A , alternate days 


Vitamin 

Covitamin 

Weight 
pin or 
loss m 
36 
days 
Diet IS 

Supplement 



Supplement 





t 1 

1 





gm 

Vitamin A acetate 

0 40 

0 

Mixed tocopherols 

0 15 

0 

s 

51 9 

<1 t( (1 

0 40 

« 

tt tt 

0 15 

tt 

A 

25 1 

“ " OH 

0 57 


It It 

0 30 

tl 

s 

55 2 

(( tt H 

0 57 


11 tt 

0 30 

It 

A 

45 7 

tt ti (< 

0 57 

*< 

Control, plain 


I 

* 

26 3 




olive oil 





tl tt tt 

0 57 

(1 

Mixed tocopherols 

0 15 

It ! 

1 

* 

35 9 

tt tt It 

0 57 

I 1 

II II 

0 15 

0 

1 

53 6 

p Carotene 

0 79 

0 

Control, olive oil 


I 

% 

2 0 

(1 

0 79 

C( 

Mixed tocopherols 

0 60 

0 

S 

30 8 


0 79 

tt 

II II 

0 50 

I 


12 7 

(( 

0 79 

I ! 

II II 

0 50 

0 


25 3 

It 

0 79 

(( 

Control, olive oil 


I 

1 

-0 S 


* Double the daily dose was given every 2 days 


represented by ascorbic acid in high dosages (1 to 20 mg per day foi the 
rat) Doubtless, hydrosulfite, zinc dust, or a platinum vire cathode strung 
through the intestines v. ould achiex e equivalent results if such agents n ere 
permissible on other grounds The thud class may be dmded into tuo 
somewhat similar groups Both comprise tw o or more synergistic sii i 
stances acting simultaneously The simpler is the case m w hieh the mt i 
oxidant and the reducing agent are both present, the latter making easier 
the task of the formei The more complex and perhaps more general ca=e 
occurs when the primary inhibitory power of the covitamin is itse en 
hanced by an activator as w'hen tocopherol is assisted by cephahn, p eno 
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traces of ascorbic acid, etc Golumbtc and Mattill (5), Golumbic (6), and 
Swift ct al (7), as well as those interested in the commercial stabilization of 
fats, have compiled a ivhole roster of tocopherol-promoting agents and the 
conditions under which thej' work Tajdor and Jakobsen (8)* find that, 
whereas tocopherol alone will prolong the natural induction period of steam- 
rendered lard about 20 times, tocopherol with a trace of ascorbic acid wall 
extend the period more than 300 times Lard which would become rancid 
in a few hours in w arm w eather w ill, when suitably processed with less than 
0 01 per cent of complex inhibitor, withstand open contact with the atmos- 
phere for w eeks Nature’s task of presemng fat and the xitarains at 37° 
in the animal bod3'‘ charged with oxjgen and oxidative enzymes is infinitely 
more difficult In recognizing the role which dietar}’’ tocopherols, aided by 
phospholipids, ascorbic acid, and substances yet unidentified, plaj in pro- 
tecting the A iitamins, one glimpses something of the miracle that has 
been performed in presemng from spontaneous oxidation these labile 
substances in the Imng ammal 

Agam on refeience to Table I, it is seen that, whereas 1 2 y of carotene 
alone afford 21 6 gm of grow th, the same quantity with mixed tocopherols 
(and the mix-tuie is more potent than the constituents) affords 63 1 gm 
and the further addition of palmityl ascorbic acid induces 80 8 gm Evi- 
dently, w hen the best multiple synergj’’ has been found, the quantities of 
tocopherols deemed optimum will be less than recorded in these papers 
The recent expenment of Gyorgy (9) on the inhibition of the oxidation of 
butter yellow bj’' members of the B complex is suggestii e of a tocopherol 
smergy Enough has been said to show in the stud}' of contamms that 
there are activators of secondary and perhaps nth status Our nomen- 
clature, alreadj extended from vitamm E to covitamin E, must be further 
projected to include various “contamin E complexes,” for it is as members 
of these mixtures that the E vitamins would seem to make their most eco- 
nomical sparing action 

Fecal Analyses — ^When the feces of rats or humans are extracted inth 
orgame solvents, there results a brown residue which has reducing properties 
and wdl furnish an apparent tocopherol value when tested bv the Furter- 
Mej'er (10), the Emmene and Engel (II), or the Scudi and Buhs (12) 
techmque If the extract is purified by vanous procedures, the test 
figures gradually dimmish untd the Emmene and Engel x alues approximate 
those from a rat assay done on the onginal extract bj the antistenhtj tests 
Human subjects from this laboratory showed bx' bioassaj' an excretion of 
1 2 mg of a-tocopherol or 2 mg of mixed tocopherols dailj' on their usual 
diet There is, thus, m normal subjects a small dailx fecal excretion of 
tocopherols and a larger excretion of alcohol-soluble reducmg substances 

‘ Also personal communication 
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■'IMien the subjects are giien extra tocopherols, the excretion of vitamin 
E IS increased, as w ould be expected "^Tiat is not necessanlj expected, 
but IS of pi-ime importance to the present argument, is that the excretion of 
the other reducmg substances increases also superpioportionally to the 
quantities of tocopherols ingested These additional reducing matenals 
cannot aU be degradation products of the tocopherols, but are evidently 
labile substances spared by the tocopherols in the alimentary tract (Ta- 
ble III) 


Table III 

Fecal Excretton of Tocopherols 


Tocopherols guen at 
start of 5 da> 
collection period 
(single dose) 

Apparent tocopherols excreted in S days 

Bioissay as a tocopherol 
in parentheses as mixed 
tocopherols 

Bi Emmene and Engel method 

Total gross | 

Net increase* 

Recoxery of 
test dose 

mg 

mg 

rtg 

mg 

fer cent 

None 

6 0 (8 5) 

63 

0 


163 

Not assayed 

28S 

225 

138 

None 

<< if 

58 

0 


305 

55 0 (80 0) 

572 

514 

I6S 


* Expressed as mg ot a-tocophcrol 


Table IV 


Effect of Tocopherols on Fecal Excretion of Carotene 


Tocopherol fed 

Carotene fed 

1 

Apparent carotene recovered 

Gross 

1 Xtt 


mg 


tng 

mg 

Per eenl 

0 

0 

5 1 



0 

20 0 

10 7 

5 6-62 

28 -31 

0 

0 

4 5 ! 



100 

20 0 


9 9-11 5 

49 5-57 5 

0 

0 

47 i 


1 


The inhibition of oxidation is again demonstrated when extra carotene 
IS ingested, the quantity surviving in the feces is mcreased by the tocopher- 
ols (Table IV) That it is the destruction rather than the absorption that 
has been prevented maj^ be assumed from the enhanced physiological activ- 
ity conferred on carotene by tocopheiol in the rat experiments aboie ^ 
The fresh feces i\ ere immediately frozen bj’’ solid COj and stored at —20 
until required for assay They were then pondered while frozen and an 
ahquot transferred to an extractor (13) nhere they were simultaneous y 
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dehydrated and extracted n ith benzene The water which separated and 
was collected m a graduate gave the dry weight of fecal matter by dif- 
ference The benzene extract was transferred to ethanol, filtered, and 
analyzed The extracts in the carotene experiments w ere partially purified 
bj transferal to petroleum ether and extraction by 89 per cent methanol 
before measurement m the photoelectric colorimeter 
The tocopherols in a day’s meals of one of the test subjects (li H ) 
were examined by the analytical procedures used for the feces with one 
alteration Instead of freezing the food m dry ice and powdermg, w’e de- 
h3'drated it from the frozen state by self-freezmg m a high vacuum chamber 
to which it was transferred immediately after servmg In this way, oxida- 
tion was mimmized and the difficulties presented by the large quantities 
of w ater in the beverage portion- were avoided The food hsted m Table V 
furnished the following readings by the Purter-Meyer method, 167 0 mg 
of apparent tocopherols, bj' the method of Emmene and Engel, 12 3 mg 


Table V 

Consitiuenls of Typtcal Day’s Dietary 


Breakfast 

Luneb 

Dmner 

1 egg 

1 bowl pea soup 

Liver and bacon 

2 slices white bread 

1 cheese sandwich 

Boiled potatoes 

2 rashers bacon 

1 glass milk 

Broccoli 

Marmalade 
i pint coffee j 

1 fruit cup 1 

Lettuce, tomato salad 

Jelly roll 

Coffee 


of apparent tocopherols, by rat assay, 4 0 mg of a-tocopherol equivalent, 
which may be interpreted as 6 to 7 mg of imxed tocopherols 

SUMMARY 

The three tocopherols, although of different potency tow ards the stenhty 
syndrome in the rat, are equally effective m spanng the A vitamins Their 
synergistic power is increased slightly by mutual admixture and consid- 
erably by the addition of selected antioxidants The tocoquinones are as 
potent as the tocopherols, presumably after reduction in tnvo A simple 
explanation, as yet only accorded partial proof, is that the sparmg action 
IS due chiefly to repression of oxidation m and near the gastromtestmal 
tract Carotene and other oxidizable substances are recovered from feces 
m proportionately greater quantities after simultaneous feedmg of toco- 
pherols The magmtude of increase in recovery found m these experiments, 

’ These were separately prefrozen in the manner used for dehj drating blood 
plasma 
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nearly 2 1, was of the same order as enhancement of carotene utilization 
by the rat when fed equivalent quantities of extra tocopherols Evidence 
IS adduced that further studies of intestinal protective agents will result in 
further sparmg of the A vitamins It is suggested that the tocopherols 
which actively control the oxidative changes in the mtestmes maybe found 
useful clinically in conditions of mtestmal derangement 

BIBLIOGRAPHY 

1 Hickman, K G D , Kaley, M W , and Hams, PL,/ Bxol Chem , 162, 303 

(1944) 

2 Hams, P L , Kaley, M W , and Hickman, K C T) , J Biol Chem , 162, 313 

(1944) 

3 Davies, A "W , and Moore, T , Nature, 147, 794 (1941) 

4 Quackenbush, F W , Cox, R P , and Steenbook, H , J Biol Chem , 146, 169 

(1942) 

5 Golumbic, C , and Mattill, H A , Oil and Soap, 19, 144 (1942) 

6 Golumbic, C , Oil and Soap, 19, 181 (1942) 

7 Swift, C E , Rose, W G , and Jamieson, G S , Oil and Soap, 19, 176 (1942) 

8 Taylor, A E , and Jakobsen, J , U S patent 2,267,224, Dec 23, 1941 

9 Gyorgy, P , and Tomarelli, R , J Biol Chem , 147, 515 (1943) 

10 Furter, M , and Meyer, R E , Helv chtm acta, 22, 240 (1934) 

11 Emmerie, A , and Engel, C , Rec Irav cbim Pays-Bas, 67, 1351 (1938) 

12 Scudi, J V , and Bulls, R P , / Biol Chem , 146, 1 (1942) 

13 Kaye, I A , Leibner, I W , and Sobel, A E , / Biol Chem , 138, 643 (1941) 



A METHOD FOR THE DETERMINATION OF THIAMINE HST 
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(Received for publication, October 22, 1943) 

In this paper the determination of vitamm Bi m unne after its conversion 
mto thiochrome by means of NaOH and potassium femcyarnde is descnbed 
The concentration of thiochrome is measured by determmmg the amount 
of hght absorbed at its strong absorption band, 368 m/i (1) Smce it is 
comparatively easy to isolate the 365 mp hne of the mercury vapor arc, the 
latter offers an almost ideal means of measunng the quantity of thiochrome 
by the amount of hght absorbed at 365 mp a here the absorption coefficient 
and therefore the amount of hght absorbed is almost as great as it is at the 
peak of the absorption band at 368 mp The measurement of hght absorp- 
tion by means of a photocell and galvanometer is much more reliable and 
more dehcate than the measurement of thiochrome fluorescence used 
exclusively so far m the estimation of thiochrome The chief obstacle 
connected with the quantitative measurement of the fluorescence is the 
low fluorescent mtensity, making exact observation diflBcult with the 
quantities of thiamme foimd m unne Furthermore, unne contains blue 
fluorescent substances which are not thiochrome 
No satisfactory way has been found to differentiate between thiochrome 
denved from vitamm Bi m unne and other blue fluorescent substances of 
unne except by destroymg the thiamme with sodium sulfite (2) ^ 

It IS obvious that quantitative recoveries of thiamme added to unne do 
not constitute proof that the thiamme occurnng naturally m unne is deter- 
mmed accurately by a given method Even after precautions are taken 
to ehmmate all substances foimd m unne which absorb at 365 mp, there is 
finally left m addition to vitamm Bi a small amount of matenal which 
mterferes with the vitamm Bi determmation after the latter has been 
converted to thiochrome, because it also absorbs light at 365 mp 
It has been found that the conversion of crystallme vitamm Bi mto 
thiochrome can be completely inhibited after previous treatment inth 

* Fellow in the Department of Medicine 

^ In preliminary experiments with Mason and Williams* method of determimng the 
blank by sodium sulfite cleavage of vitamin Bi, the values for thiamme check with 
the values determined by blocking with benzenesulfonyl chloride Apparentl} by 
sulfite splitting, the non specific blank remains unchanged when absorption is meas 
ured, as Mason and Williams found by measuring fluorescence 
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benzenesulfonyl chlonde Attempts are now bemg made to crystallize 
this denvative The above reaction makes it possible to differentiate 
between vitamm Bi and other non-specific substances by the simple proce- 
dure of measunng the absorption difference between a sample treated with 
benzenesulfonyl chlonde and another not so treated Evidence has been 
accumulated to show that benzenesulfonyl chlonde does not change the 
light absorption of the non-specific blank itself 

EVPERIMENTAD 

Apparatus — ^The apparatus (Fig 1) was set up in a dark room The 
source of light was a General Electnc 100 watt, T-10, mercury vapor lamp, 
A, ivith the base dovn, operated at 110 volts a c from a current supplied 
by a Thordarson voltage regulator, B The lamp w as kept m a light-tight 
chamber equipped with an exit circle of 3 mm diameter A suitable com- 
bination of lenses directed the beam of light through the absorption vessel 
(10 cm polanmeter tube, E) into the photocell (General Electnc, P-J-22) 
H An adjustable dmphragm was placed between filter C and lens D 
Monochromatic light of 365 mji was secured by means of filters (two Com- 
mg No 986 (C) and one Commg No 586 (F)) A potential of 45 volts 
was placed across the photocell (“B” battery) and deflections were meas- 
ured by means of a Leeds and Northrup d'Arsonval galvanometer of 1 X 
lO"*** ampere sensitivity, with a cntical damping resistance of 26,000 ohms 
The scale was placed 12 feet away from the galvanometer The optical 
adjustment of the ultraviolet beam has to be such that the galvanometer 
deflection obtamed when no tube is placed m the hght path is equal to or 
greater than the galvanometer deflection obtamed when the absorption tube 
IS filled with pure isobutyl alcohol In the ahgnment of the apparatus a 
piece of fluorescent glass (Cornmg No 375) is helpful Also for the ad- 
justment purposes the polanmeter tube may be filled woth a dilute qumme 
sulfate solution (,0 5 per cent) which by fluorescence wall exactly delimit 
the optical path in the absorption tube 

Conversion of Crystalline Vitamin Bi into Tkiochrome — ^Thiochrome was 
produced from pure crystalline vitamin Bj (Merck), m p 246 5°, by the 
method of Barger et al (3) , that is, the vitamin Bi was oxidized m alkaline 
solution by potassium ferricyanide, followed by isobutyl alcohol extraction 

Thiochrome m alkaline solution was found to undergo changes which ate 
reflected m a time rate of change of the light absorption at 365 mfi This 
observation is based on a studv of the behanor in 20 per cent NaOH of pure 
crystalhne thiochrome with a meltmg point of 227 5° prepared according 
to the method of Baiger Stock solutions prepared by dissolving 6 mg o 
crj'stallme vitamm Bi hydrochloride in 500 cc of H 0 underwent decom 
position while kept at 4°, 22 per cent was destroved m 5 days Further- 
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more a stock solution prepared by dissolving 7 mg of ciystallme thiochrome 
(m p 227 5°) m 20 cc of isobutyl alcohol underwent decomposition to the 
extent of 18 per cent -nhcn kept at 4“ for 12 days 
It follows from these observations that calibration curves have to be 
constructed from freshly prepared solution and that the thiochrome formed 



Fig 1 Apparatus 

by the oxidation of vitanun Bi m alkahne solution must be extracted at a 
definite time A cahbration curve was constructed by the foUoivmg 
technique 5 cc samples of aqueous solutions contammg 11 13, 21 94, and 
33 59 7 of crystallme vitamm Bi and a control of 5 cc of water were used - 

’ A stock solution containing 12 y of vitamin Bi per cc was weighed, 0 9275, 1 82S0, 
and 2 7990 gm quantities being used 
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To each Mere added 3 cc of 20 per cent NaOH, followed by 0 05 cc of a 
freshly prepared 1 per cent potassium ferricj^anide solution After exactly 
1 minute (stop-Match) 12 cc of isobutyl alcohol nhich had previously been 
measured Mere added to the aqueous solutions and shaken for exactly 2 
nunutes Then the mixture xvas transferred to centnfuge tubes and 
centrifuged for J mmute at a rate of 3000 r p xi The supernatant isobutyl 
alcohol extract Mas pipetted off In order to drj'- the isobutyl alcohol, 3 
to 4 gm of anhydrous sodium sulfate’ Mere added and left for a penod of 



Fig 2 Calibration curve The line passing through the origin is the corrected 
calibration curve It is obtained bj deducting potassium ferric} anide blanks from 
the actual readings (t c upper line) 


5 nunutes The pipettes used were 10 mches long, so that the isobutjl 
alcohol did not come mto contact Muth the rubber suction caps^ The 

’ Anhydrous NasSOi mil only dry below 31° because of its transition point 
‘ In this technique there are several precautions that are important (o) Glass 
stoppered flasks and graduates must be used At no time must any of the solutions 
of isobutyl alcohol extracts come in contact with rubber, because there are substances 
in the rubber which have a blue fluorescence and hich absorb at 365 mp (6) A so 
lute cleanhness and dryness of the glass disks of the polanmeter tube must be main 
tamed and the tube must be placed m the same position each time a reading is ma e 

(c) An average of ten galvanometer readings should be made at 10 second interva^ 
to correct for fluctuations in voltage not corrected by the Thordarson trans ’ 
e p , 7 91, 7 90, 7 98, 7 92, 7 88, 7 98, 7 90, 7 92, 7 92, 7 90, a\ erage of ten readings 7 

(d) Before and after each reading the galvanometer should read zero when e i 
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solution was crj stal-cleai and when decanted was placed in the absorption 
tube for determination 

It will be seen that the pomts m the cahbration curve he on a straight 
line passing through the origm when the potassium femcyamde blanks are 
deducted from the readings (see Fig 2 and the foUowmg values) At a 
vitamin Bi concentration (measured in micrograms per cc ) of 0 00 log 7o// 
vas 0 038, at 0 93, 0 249, at 1 83, 0 455, at 2 80, 0 673 The specific ab- 
sorption coeflicient as calculated accordmg to the equation log /o/J = 
K c d IS 68 6 X 10’ cm - gm “I 

Recoveries of Crystalline Vitamin Bi from Adsorption Column — The de- 
tenmnation of vitamin Bi m the urme is dependent upon its elution from 
a Decalso adsorption column Smee Hennessy and Cerecedo (4) have 
found that Decalso i\ lU adsorb vitamin Bj quantitatively, Decalso n as used 
for the adsorption of vitamm Bi from solutions The Decalso as activated 
by washmg 50 times v ith boUmg distilled water accordmg to the procedure 
of Urban, White, and Strassner (5) who found it useful m the activation of 
Pyrex glass surfaces Activated Decalso wiU adsorb vitamm Bi quantita- 
tively It should be kept under water imtil used 5 to 7 gm of activated 
Decalso were used m the column 2 per cent acetic acid was allowed to 
flow through the adsorption column by gravity until the filtrate had a pH 
of 3 5 A solution of crystalhne vitamm Bi acidified by the addition of 2 
cc of glacial acetic acid v as allowed to flow through the adsorption column 
by gravity A long glass rod w as used to ehmmate any air bubbles trapped 
m the column 

By the procedure subsequently adopted m urmalysis, the column was 
W'ashed with exactly three 10 cc successive portions of 2 per cent acetic 
acid There was a loss of about 10 per cent of the total adsorbed vitamm 

path IS completely blacked out from the phototube (e) The determination of /o 
With pure isobutyl alcohol must be earned out with each senes of expenments The 
following IS a sample calculation Without the tube in place, the galvanometer de 
flection in cm was 16 25 for Solution I and 16 70 for isobutyl alcohol, with the tube in 
place, it was 7 25 for Solution I ahd 10 01 for isobutyl alcohol 

1655 
1001 X — 

log j = log = 0 12S22 

(f) Absolute drying of the isobutyl alcohol extract by anhydrous sodium sulfate must 
be earned out to prevent destruction of the thiochrome because of the alkalimtj of 
an aqueous extract (p) The Decalso in the column should be changed after five 
determinations (h) \ fresh potassium femcyamde solution should be prepared 
each day (t) Before the column is ready to be used again after a determination, a 
simple test for chloride (dilute mtnc acid and 5 per cent silver mtrate) is carried out 
to make sure the column is free of potassium chlonde 
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Results 

Normal Urine Determination — Table III consists of the ntamm Bi de- 
terminations on normal indinduals considered to be on an adequate diet 
These consist of laboratory Morkers and technicians The samples were 
voided m the mormng at about 10 00 ajn 


Table II 

Recovery of Vitamin Bi Added to Vnne 


Unne used 

\ itamm Bi added 

Vitamin Bi reco\ered 

Recovery 

ce 

1 

y 

1 

y 

fer cmJ 

5 

2i 

20 7 

86 0 

5 

24 

20 4 

85 0 

5 

12 

10 1 

84 5 

17 6 

10 

9 24 

92 4 

20 0 

3 

2 S4 

94 6 

Average 

88 5 


Table III 


Vilamtn Bi in Normal Human Urine 


Subject 

1 

Urme used 

\ Itamm Bi per cc urme 



« 

y 


j 


15 0 

0 081 


M 

(< 


30 5 

31 0 



U 


20 0 

0 205 


M 


20 0 

0 223 


E 


20 0 

0 222 


U 


20 0 

0 20S 


E 


20 0 

0 182 


M 


19 8 

0 23S 


(t 


20 0 

1 

0 261 (24 hr sample) 




SUMMART 

A method for the determination of tbiamme m the urine is proposed, 
based on the use of tn o pnnciples 

1 The specific light absorption of thiochrome can be measured at 36o 
mp bv means of a photoelectric cell and gahanometer 

2 The unknown substances occumng m the urme which produce color 
at 365 mp are determined bv blockmg the comersion of thiamine into 
thiochrome by treatment wath benzenesulfonjl chlonde The difference 
















F UHBAN AND M L GOLDMAN 


337 


between light absorption produced wathout benzenesulfonyl chloride and 
that obtained w ith it is a measure of true thiamine m urine 

\ 
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EFFECT OF CYANIDE, FLUORIDE, AND MAGNESIUM ON 
SERUM PHOSPHATASE ACTIVITY DURING 
HEPATIC DAMAGE 

Bt victor a drill,* J H ANNEGERS, and a c ivy 

{From Ihc Departmcnl of Physiology, Northwestern University Medical School, Chicago) 
(Receded for publication, October 2, 1943) 

Alkaline phosphatase, normally present m the serum, is knotvn to be 
raised above normal in vanous types of hvei damage (1-5) Although the 
effects of vanous mhibitors, such as cyanide and fluoride, have been studied 
on phosphatases e'^tracted from tissue ((6-8) and others), no observations 
have been made on the effect of such ions on serum phosphatase activity 
during hepatic damage In this paper the effect of cyanide, fluonde, and 
magnesium ions, alone and in various combinations, was studied to ascei- 
tain their effect on the serum phosphatase activity of normal dogs and dogs 
n ith hepatic damage It i\ as found that the increase m serum phosphatase 
obtamed dunng liver damage was due to a phosphatase that was normally 
present in the blood m only small amounts 

Methods 

Inorganic serum phosphate and alkahne serum phosphatase were deter- 
mined according to the method of Bodansky, /3-glycerophosphate being 
used as substrate (9) Substrate was also prepared with the followmg con- 
centration of salts MgSOi 0 01 m, NaF 0 01 m, NaCN 0 0001 to 0 1 m 
H epatic damage with a consequent rise in serum phosphatase activity was 
produced by the folloivmg procedures administration of CCh (10, 11), 
cholec 5 fstectomy (12), production of a bile fistula (13), and m bile fistula 
dogs in which the bihary tree had become obstructed The dogs were fed a 
stock diet consistmg of bread, meat scraps, bones, cod liver oil, and yeast 
On this diet the serum phosphatase values of normal dogs varied betw een 
4 0 and 6 5 units per 100 cc of serum 

Results 

NaCN, m concentrations from 0 0001 to 0 1 m, had only a slight effect 
on the activity of serum phosphatase from normal dogs (Tables I and II) 
In dogs wuth hepatic damage produced by vanous procedures the serum 
phosphatase was elevated above normal, the rise bemg most marked m 
cases of bihary obstruction In these dogs the addition of NaCN pro- 

• National Research Couneil Fellow, 1942-43 Present address, Department of 
Pharmacology, Yale Umversity School of Medicine, New Haven 
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duced an inhibition of phosphatase activity, and as the molanty of the 
NaCN vas increased the loss of activity became progressivelj greater 
(Table I) However, as the concentration of NaCN was increased, the 
serum phosphatase actmty decreased to normal values, hid did not go below 
normal This can be seen wnth NaCN concentrations of 0 01, 0 05, and 
0 1 M, when the serum phosphatase activitj'' has decreased to fairly constant 
\ alues This effect of NaCN on elevated serum phosphatase was obtained 


Table I 


Effect of Various Concenlralxons of NaCN on Serum Phosphatase AettvUy of Normal 
Dogs and Dogs with Hepatic Damage 


Dog 

No 

Oi>e ration 

Inor 

panic 

PO. 

Phosphatase units per 100 cc serum 

NaCN added to phosphatase substrate 

4> 

C 

o 

0 0001 U 

0 001 U 

0 0025 U 

0 005 U 

0 0075 U 

a 

e 

o 


B 

Normal dogs 



mt pet 






















93 



6 32 


5 94 


5 38 



4 52 

4 57 

94 



4 62 


4 56 


3 85 


3 15 

3 29 

2 86 

108 



8 83 


7 90 


3 88 


4 78 

4 88 

5 41 

109 


5 21 





6 62 


4 59 

5 17 

5 47 

110 


3 28 



4 72 


4 33 


3 96 

4 18 

4 32 


Dogs with hepatic damage 






81 

Obstruction 

3 49 

86 0 

84 5 

73 5 


23 6 

m 

6 39 

4 63 

4 53 

81 

H 

3 92 

106 2 



49 6 

18 3 

9 28 

4 66 

4 59 

4 66 

G-8 

tt 

Bliai 

40 9 

41 6 



EEd 


6 60 


5 92 

G-8 

it 

4 72 

56 7 

54 3 

47 2 

35 8 

19 3 

15 3 


5 53 

5 53 

95 

CCli administered 

»»lil 

26 4 

24 2 


16 8 


8 42 


4 86 

4 94 

97 

(( II 

4 56 

37 2 


29 1 


11 3 

8 84 

7 39 

5 19 


84 

Cholecystectomy 

4 59 

■Tigl 

9 8 


7 3 


5 19 

4 19 

5 23 

f) 

102 

(1 

ram 

14 2 


roll 


7 8 

6 48 

5 62 


5 il-i 

103 

(( 

4 05 

12 9 


9 6 


7 3 

6 52 

4 60 

3 86 

4 2b 

105 

fl 

4 38 

16 1 




■ 

5 88 

5 48 

5 94 

6 36 


m the three types of liver damage studied, and suggests that the increased 
serum phosphatase during hepatic damage is due to an alkaline phosphatase 
that is normally present in the blood m only small amounts 

Magnesium sulfate (0 01 m) had only a slight activating effect on serum 
phosphatase m normal dogs, the average increase being 0 91 unit per 100 cc 
of serum (Table II) The addition of NaF also produced a slight increase 
m phosphatase activity (Table II) 



















DRILL, ANREGEES, AND ITT 


341 


NaCN (0 01 m) inliibited senun phosphatase activity in normal dogs by 
an aierage of 1 92 units (29 9 per cent) The NaCN vas also effective in 
the presence of Mg, inhibiting the slight stimulation produced by Mg, and 
loM ering the value to that produced by NaCN alone (Table II) In a feiv 
trials inth 0 01 m NaF and 0 01 m NaCN, the NaCN agam abolished any 
stimulating effect of the NaF, lowering the value to that obtained with 
NaCN alone 

These studies weie then repeated on dogs with liver damage In dogs 
wnth high serum phosphatase v^alues Mg had only the small stunulatmg 
action seen in normal dogs, suggesting that it had no effect on the increased 
serum phosphatase produced by the hvei damage The effect with NaF 

Table II 


Effect of NaCN, NaF, and Mg on Serum Phosphatase Activity of Normal Dogs and 
Dogs with Hepatic Damage 


Dog 

No 


Inorganic 

POi 


Phosphatase units per 100 cc serum 
Additions to phospnatase substrate 


Operation 

None 

0 01 M 
Mg 

0 01 M 
NaCN 

0 01 U 
Mg 

0 01 u 
NaCN 

0 01 u 
NaF 

0 01 V 

Mg 

0 01 M 

NaF 

S3 

Normal 

mg per 
100 ce 

4 90 

6 32 


4 60 

4 75 

6 18 

6 18 

94 

tt 

4 10 

4 62 


3 15 

3 10 

5 07 

5 68 

108 

H 

4 02 

8 83 


4 78 

4 66 

10 79 

10 12 

109 

it 

5 21 

6 00 

6 98 

4 59 

4 78 

7 18 

7 42 

110 

it 

3 92 

6 24 

7 38 

6 30 

5 18 

7 24 

7 34 

95 

CCJ< administered 

6 87 

11 3 


6 21 

6 54 

12 1 

13 1 

G-8 

Obstruction 

3 80 

30 2 



llKil 


30 0 

81 

ti 

3 92 

106 2 


4 66 

ES3 


104 8 

91 

Bile fistula 

4 94 

22 8 

25 6 

5 27 


23 8 

24 0 

84 

Cholecystectomy 

4 76 

8 99 

9 47 

5 64 

5 74 

11 2 

10 8 


and Mg plus NaF w^as shght, and also similar to that observed in normal 
dogs NaCN agam inhibited the mcreased phosphatase activity, even m 
the presence of Mg 


DISCUSSION 

Extracts of non-specific alkahne phosphatase from various tissues, gen- 
erally characterized as a phosphomonoesterase, are not inhibited by 0 01 vi 
fluoride, while 0 01 M cyanide wiU produce about 90 per cent inhibition of 
actnnty (6-8) Recently Cloetens prepared phosphatase extracts from 
hver tissue which he fractionated mto alkalme phosphatase I and alkalme 
phosphatase II (8) The activity of alkahne phosphatase I was not in- 
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hibited by 0 01 m KCN but was reduced by 0 01 m ICF Alkaline phos 
phatase II, liou ever, u as completely inhibited by 0 01 M KCN, and a 
similar concentration of ICF was uithout effect Gomon (14) recently 
prepared an alkaline phosphatase from vanous tissues uhich had a specific 
effect on hexose diphosphate This hexosediphosphatase uas inhibited by 
fluoride and activated bj'' cyanide 

The alkaline phosphatases of Cloetens and the hexosediphosphatase of 
Gomon are present in hvei The use m alkaline serum phosphatase ac- 
tmtj observed m dogs uith hepatic damage is not due to hexosediphos 
phatase, as this enzyme will not act on /3-glycerophosphate Neither does 
the increased serum phosphatase activit}’- correspond to Cloetens’ alkaline 
phosphatase I, for the effects of CN and F are opposite m either case The 
effect of CN and F on the inci eased serum phosphatase activity during 
hepatic damage does correspond to the effect of these ions on Cloetens’ 
alkaline phosphatase II However, 0 01 m Mg wall activate alkaline phos 
phatase II 200 to 300 per cent, but has only a very slight effect on serum 
phosphatase activity of dogs w ith liver damage (Table II) It does not 
seem likely that the lack of effect of Mg on serum phosphatase activity is 
due to the presence of the small amount of Mg in the blood serum Serum 
is reported to contain 1 to 3 mg of Mg per 100 cc (15), which would cor- 
lespond to only 0 0008 M MgS 04 In the determination of phosphatase 
activity 1 cc of serum is added to 10 cc of substrate, so that the final 
concentration of Mg is very low 


SUMMARV 

1 Sodium cyamde, in concentrations of 0 0001 to 0 1 M, had only a 
slight inhibitory effect on serum phosphatase activity of nonnal dogs 
When the serum phosphatase values mcreased as a result of hver damage, 
the addition of NaCN inhibited phosphatase activity However, as the 
concentration of NaCN was increased the serum phosphatase activity 
decreased to normal values, but did not go below normal As this result 
was obtamed m three types of liver damage, it suggests that the mcreased 
serum phosphatase activity during hepatic damage is due to an alkaline 
phosphatase normally present in the blood in only small amounts 

2 Magnesium sulfate (0 01 m) and NaF (0 01 m) each had a slight 
activating effect on serum phosphatase activity of normal dogs In do^ 
w ith high serum phosphatase values Mg and F had only the slight effec 
noted in normal dogs A combination of Mg and F did not further mcrewe 
actmty in either case The addition of NaCN (0 01 m) still produce t e 
characteristic inhibition in the presence of Mg or F 



DRILL, VN\EGI:RS, AND IVY 


343 


BIBLIOGRAPHA 

1 Bodanskj, A , and JafTc, H L , Proc Soc Exp Bxol and Med , 31, 107 (1933) 

2 Roberts, W M , Bni Med J , 1, 734 (1933) 

3 Gutman, A B , Olson, K B , Gutman, E B , and Flood, C A , J Chn Invest , 

19, 129 (1940) 

4 Drill, V A , and Shaffer, C B , GastroentcTology, 1, 308 (1943) 

6 Folley, S J , and Kay, H D , in Nord, F F , and Weidenhagen, R , Ergebmsse 
der Enzymforscliung, Leipzig, 6, 159 (1936) 

6 Asakan a, K , J" Btochem , Japan, 10, 167 (1928) 

7 Auhagen, E , and Grzyckj , S , Btochem Z , 266, 217 (1933) 

8 Cloetens, R , Enzymologta, 7, 157 (1939) 

9 Bodanskj , A , / Biol Chem , 120, 167 (1937) 

10 Freeman, S , Chen, Y P , and Ivy, A C , J Biol Chem , 124, 79 (1938) 

11 Dnll, V A , and Ivy, A C , Fcderalton Proc , 2, 10 (1943) 

12 Dnll, V A , Annegers, J H , and Ivj , A C , Proc Soe Exp Biol and Med , 

64, 242 (1943) 

13 Dnll, V A , Annegers, J H , Snapp, F E , and Ivy, A C , Federation Proc , 2, 

9 (1943) 

14 Gomori, G , J Biol Chem , 148, 139 (1943) 

15 Hawk, P B , and Bergeim, O , Practical physiological chemistry, Philadelphia, 

11th edition, 472 (1937) 




ELECTROPHORETIC ANALYSIS OF YEAST EXTRACTS 

By KURT G STERN 

(From the Overly Biochemical Research Foundation, New York) 

(Received for publication, November 27, 1943) 

"RTien pressed yeast is slowly dried in the open at about 30°, the cell 
membrane is destroyed by autolysis The maceration of such slowly 
dned yeast with water at 37° and subsequent filtration or centrifugation 
yield cell-free extracts which, as a rule, wdl actively ferment fructose, glu- 
cose, and other suitable substrates Maceration eictracts of yeast, pre- 
pared m this manner, are often designated as Lebedev juice, after their 
discoverer A von Lebedev (1) Although the kmetics of fermentation, 
as catalyzed by such extracts, differ somewhat from those observed with 
intact yeast cells, especially ivith regard to the rate of the accumulation and 
the sphttmg of hexose phosphate esters, the essential correlations between 
the various enz 3 rmatic components of the zymase complex are preserved 
to a remarkable extent (2) Studies on the mechanism of alcoholic and 
glycerol fermentation, performed with such cell-free extracts, have thrown 
hght on many mtermediate reactions which cannot readily be observed m 
work with whole cells but which proceed undoubtedly in vivo as in intro 
The absence of the cell membrane avoids comphcations due to permeabihty 
factors, the mhibition of fermentation by oxygen (Pasteur reaction) is 
ehmmated, and chemical fractionation leads to purified preparations ca- 
pable of catalyzing specific mtermediate reactions (c/ (2)) In recent 
years, extracts of this type have been employed m research in fermentation 
almost to the exclusion of the earlier Buchner yeast juice, which requires 
a hydrauhe press for its preparation Upon dialysis against water, certam 
coenzymes, e g cozjmase and adenyhc acid, and activatmg metal ions, e g 
magnesium and manganese, are removed and the fermentative power of the 
extracts is lost It may however, be restored by the addition of the low 
molecular activators just mentioned, thus pronng that the dialyzed extract 
still contains, m active form, all the protems required for the catalysis of 
fermentation 

The chartmg of the colloid “spectrum” of unfractionated maceration 
extracts of yeast, as it reveals itself m electrical and intense gravitational 
fields under optical observation, is a prerequisite to the isolation of indi- 
vidual components, particularly proteins, by preparative electrophoresis or 
ultracentnfugation The present experiments are concerned with the opti- 
cal study of maceration extracts, prepared from various tj^ies of dried j east 
preparations, m the Tisehus electrophoresis apparatus They furnish m- 
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formation on the nunimum number of mdividual colloidal components in 
such preparations, on their electrochemical properties, and on their rektne 
concentration Some of the components thus obser\ed are undoubtedly 
catalytically inert protems and perhaps also polysacchandes extracted from 
the jeast cell Others, especially the components present m loa concen- 
trations, represent possibly intracellular yeast enzymes or the protein moie- 
ties of dissociable enzyme systems (apoemymes in von Euler’s terminology) 
Contrary to the belief, wdely held, that equilibration of a biological colloid 
system agamst suitable buffer solutions across semipermeable membranes 
will not affect appreciably the “native” electrophoretic pattern, it will be 
shown that the dialysis of maceration extracts of yeast modifies the onginal 
pattern sigmficantly, even if anomalies due to differences in conductmty 

!•' hj'dnon concentration between the colloid system and the supernatant 

offer solution are taken into consideration 

EXPERIMENTAL 

Materials and Preparation of Extracts — Brew ers’ top and bottom yeasts 
as welt as bakers' yeast were employed for the preparation of the dry yeast 
samples servmg as the source of the maceration extracts Four batches 
of dry yeast, denved from two different samples of brewers’ bottom yeast, 
two batches of dry brewers’ top yeast, and one batch of dn bakers’ y^east 
were used for extraction The majoriti of the experiments was performed 
on a batch of bottom y east (Frohbcrg strain of Saccharomyccs ccrmsiae) 
kmdly furnished by the Hull Biewnng Company, New Haien, Connecticut 
The yeast was recened m the form of a concentrated suspension m beer 
W'ort It was carefully washed by decantation in a cold room, freed from 
most of the adhering fluid by pressing in a hand press, cnimbled, and dned 
for 2 days in thin layers in the air stream of a Grinnel drier at room tem 
perature The dry yeast w as milled to yoeld a coarse pow der and stored 
at room temperature A small batch of Hull’s top yeast w as prepared m a 
similar maimer Federal bakers’ yeast and Krueger’s bottom yeast were 
obtained already m washed and pressed form Tliese samples were driven 
through a coarse sieve, spread in thin layers, and allow ed to diy^ at room 
temperature m the case of the bakers’ yeast and at about 30° in the case of 
the bottom yeast, three different batches of which were prepared for 
work The age of the dried y^east samples at the time of extraction ranged 
from 1 month to 2 years 

The maceration extracts w ere usually prepared essentially accordmg to 
the original method of ymn Lebedey (1) , ms , by suspending 1 part of dne 
yeast in 3 parts of tap w ater at about 45°, macerating the suspension fm 
hours at 37°, and subsequently^ centiifuging for 30 minutes at about 300U 
E p M m the horizontal head of a No 2 International centrifuge In some 
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instances the maceration extracts thus prepared were not sufficiently trans- 
parent for study with the schlieren method, they were therefore further 
clarified by spinning for 10 mmutes at 10,000 bpm in the chilled quantity 
rotor of an air-driven Beams ultracentnfuge of the design of Bauer and 
Pickels In one instance (Krueger’s bottom yeast, Batch 12) 1 part of 
dry yeast was suspended in 2 parts of tap water and stirred mechanically for 
2 hours at 35-37°, after which 1 further volume of water was added, the 
stirring contmued for another 15 mmutes, and the final suspension then 
centrifuged for 25 mmutes at 3300 r p m in the laboratory centrifuge and 
another 15 minutes at 10,000 h p m in the ultracentnfuge to remove opales- 
cent matenal When samples of these maceration extracts were tested for 
their fermentative power m the Warburg manometric apparatus, not all of 
them were able to ferment actively glucose or fructose withm the short 
periods emploj'ed for observation (1 to 2 hours at 22 - 23 °) One of the 
samples of dried bottom yeast (Krueger’s yeast. Batch 10) which failed to 
jneld an actively fermenting Lebedev juice when macerated m the manner 
described above, gave a highly active extract when treated with 3 parts of 
0 167 M diammonium phosphate solution for 2 hours at 37°, as recommended 
hy Neuberg and Lustig (3) However, even those maceration extracts 
which were incapable of catalyzmg the over-all fermentation of sugars and 
were therefore deficient with respect to one or several components of the 
zymase complex contamed a number of enzymes in active form , e g , j^ellow 
enzyme, aldolase (accordmg to Dr Z Dische), carboxylase, alcohol de- 
hydrogenase, and glycerophosphate dehydrogenase The color of the 
native maceration extracts w as too deeply yellow-brown and their nitrogen 
ccmtent w'as too high (8 to 15 mg per cc ) for direct examination m the 
Tisehus apparatus They were therefore diluted 4 to 5 times with the 
buffer, employed as the supernatant, prior to electrophoresis For the 
experiments on dialyzed extracts, freshly prepared Lebedev juice was 
placed m cellophane tubing and dialyzed for 2 days in the refngerator 
against 100 volumes of phosphate buffer of the desired ionic strength and 
pH The outside fluid was then used as the supernatant buffer solution 
in the Tisehus cell Prior to expenments on undialyzed extracts, the pH 
and the conductivity of the yeast extract and of the supernatant buffer 
solution were equalized by addition of acid, base, or suitable dilution In 
the experiments with Hull’s bottom j^east (Batch 4) the pH was varied 
from 5 6 to 8 3, sodium phosphate buffers w'ere used and an ionic strength 
of 0 3 maintained In the experiments with the other yeast samples, 0 1 m 
sodium phosphate buffer, containing 188 parts of dibasic and 12 parts of 
monobasic sodium phosphate (ionic strength, 0 3), was used as the solvent 
throughout The pH m these expenments varied only withm the limits 
of 7 70 and 7 97 The pH w as determined with a Beckman glass electrode 
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pH metei and the conductivity was measured at 1° by means of a Shed- 
lovsky conductivity cell and an Industrial Instruments conductivity bndge 
havmg a “magic eye” as the indicator instrument The nitrogen content 
of the solutions employed in the majority of the expenments amounted to 
2 5 mg per cc on the average 

Electrophoresis Technique — The Tisehus electrophoresis apparatus em- 
ployed m this investigation i\ as constructed by the IHett Manufacturing 
Company, New York, according to the design of Dr L G Longsvorth 
The electrophoresis cell i\as equipped nith the tall (80 mm ) center section 
recommended by Tisehus and Longsworth for the optical analysis of col- 
loid systems (cf (4)) It accommodates about 10 cc of protein solution 
m a narrow channel of rectangular cross section (3 X 25 mm ) which is 
built up from optically plane glass plates nith the aid of acid- and tem- 
perature-resistant cement The sliding ground glass plates of the cell nere 
lubricated with Celloseal, a proprietarj preparation contaming polymenzed 
castor oil and exhibitmg only little change m viscosity over a rather broad 
temperature range (0-100°) * As light sources, a mercury, high pressure 
vapor lamp (General Electee, type H-4) and a low voltage, straight single 
coil tungsten lamp of 1000 lumen intensity vere used, dependmg on the 
color and degree of transparency of the yeast extracts The temperature 
of the water bath surrounding the cell was held constant withm narrow 
limits at 1 3° vnth the aid of mechanical refrigeration and an electromc 
relay The voltage gradients applied to the cell ranged from 1 2 to 4 3 
volts per cm The development of the electrophoretic diagrams was 
followed visually mth the aid of the Philpot-Thovert angular diaphragm 
and cyhnder lens arrangement (c/ (4)) When the system had been re- 
solved sufficiently in the electrical field, the diagrams were recorded on 
panchromatic plates by the schheren scanning method of Longsworth The 
mobihties and relative concentrations of the individual components were 
computed m the usual manner from measurements on tracings of the 
ongmal plates enlarged by projection 

Observations and Results 

A total of thirty-three electrophoresis expenments was earned out on 
maceration extracts prepared from eight individual batches of three diffei 
ent types of dned yeast Twenty-eight of these experiments jnelded re 
suits suitable for quantitative treatment The first senes of expenments 
(ten m number) was performed on dialyzed Lebedev extracts prepared in 
the standard manner from Hull’s dned bottom yeast (Batch 4) These ex 
tracts, after centrifugation m the laboiatory centnfuge, were dark yellow 
and usually clear, their pH was 5 6 to 6 0 and their nitrogen conten 
about 10 mg per cc Owmg to the appreciable phosphate content of t e 

* See note on p 361 
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3 east, the conductmtj of such extracts was actually somewhat greater 
than that of the 0 1 m phosphate buffer used as supernatant Upon dialysis 
against such buffer solutions, the mtrogen content decreased to about 2 
mg per cc , correspondmg to approximately 1 2 per cent protem concen- 
tration The dialysis effected a close equilibration of the yeast extract 
With the outside buffer solution, both u ith regard to conductivity and pH 
Upon electrolysis of such dialyzed extracts from Hull’s bottom yeast m 
the Tisehus apparatus at pH 5 8 to 8 3, a separation into two groups of 
colloids occurs w ithin 2 to 3 hours at potential gradients of 2 4 to 4 3 volts 
per cm Fig 1 is the reproduction of a t 3 q)ical electrophoretic diagram 
recorded in these experiments 

The bulk of the material gmng rise to the refractive mdex gradients ob- 
served m the electrophoresis cell (about 80 per cent) remamed near the 


I i 



i~Descendinq Boundaries Ascendinq Boundaries > 


Fig 1 Electrophoretic diagram of dialyzed maceration extract of dried Hull’s 
bottom yeast, recorded after 205 minutes electrolysis at pH 6 7 Potential gradient, 
3 2 volts per cm The vertical arrows indicate the starting position of the boundaries 

starting position of the initial extract-buffer honndaxy In the anode 
compartment, containmg the ascendmg boundaries, this major peak usually 
resolved itself mto two separate maxima endowed with zero and small 
anodic mobility respective!}’’ The area under the stationary peak was 
Somewhat smaller than that under the mobile one It is quite possible that 
the electroneutral material is a pol 3 Tner carbohydrate rather than a protem 
The second group of colloids, representmg presumably protem components 
of the yeast extract, exhibits an appreciably electrophoretic mobilit}', in a 
number of instances this mobde fraction resolved itself into two separate 
minor components of mobilities of the order of —6 and —8 X 10“* cm - 
sec volt~* The degree of resolution of the various maxima in the 
cathodic hmb of the cell, containmg the descendmg boundaries, vas ap- 
preciably smaller than in the case of the ascendmg boundanes In tuo 
instances, a minor component mth intermediate mobihti’’ was observed m 
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addition to the tivo mam gioups just mentioned Since the chemical 
nature of these vaiious colloids remains to be determined, they are here 
designated, for purposes of convemence, m a manner analogous to the 
practice adopted by Tisehus m his studies on blood sera (5) The fraction 
wth the smallest anodic mobility is called the y fraction, the one mth the 
highest mobility is labeled the a fraction, while the one with intermediate 
charge is called the j3 fraction Numencal subscnpts senm to differentiate 
between the mdividual members of these groups, the lower numerals de- 
noting the components with the lower mobility In some expenments on 
yeast extracts, a minor, well defined component of small cathodic mobility 
within the pH range employed was obsenmd, as a rule m the cell compart- 
ment occupied by the ascendmg boundaries This component, which 
must have an isoelectric pomt highei than pH 8, is designated as the S 
fraction In contrast to the stationary 8-boundary, first observed by 
Tisehus in his w ork on blood sera and later identified by him and Longs 
w orth {cf (4)) as a boundary anomaly due to the interaction of buffer salts 
with protem components, the present 6-boundary is most hkelj’’ caused by 
a real component of the yeast extracts, since it has a small but definite 
cathodic mobility Furthermore, this boundary has alwajs the form of a 
sharply defined maximum m contiast to the lounded off anomalous 6- and 
e-boundaries obseiw ed wnth blood serum A final decision on this pomt mil 
have to aw ait the result of electrophoretic separations 
The data obtained on analj-sis of the electrophoretic diagrams of dialyzed 
maceration extracts from Hull’s bottom yeast are presented m Table I 
It wall be noted that there is no consistent trend towards an increase ui 
mobility of the various components upon decrease m the hj drion concen- 
tration wuthin the pH range employed The slope of the pH-mobihty 
curve IS pnmanly a function of the chemical nature of a protem Thus, 
the slopes of the mobility curves of the protem components of horse serum 
differ greatly, that of the y-globulm being much smaller than that of a- 
globuhn or albumin (Tisehus (5)) In view of the relatively small number 
of experiments performed thus far on yeast extracts at different pH values, 
all that can be said at this tune is that the pH -mobility cun es of the col 
loids present m them are surprismgly fiat, their exact slope remams to be 
ascertained No statistical sigmficance is attached to the mean concen- 
tration and mobility values given at the bottom of Table I , they are merelv 
given as a convenient means of summanzmg the results thus far obtaine 
A subsequent series of nme experiments was concerned with the electro- 
phoresis of undialyzed Lebedev extracts from the same batch of ’ 
Hull’s bottom yeast The mtrogen content of the solutions was ® 
similar to that of diatyzed extracts by dilution As illustrated in e 
typical diagram reproduced m Fig 2, the pattern given by the undia j"ze 
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yeast extracts is considerably more complex than m the case of the dialyzed 
solutions (compare uith Fig 1), In addition to a large y fraction wth 
zero or low mobility, and the a fraction endowed with a relatively high 

Table I 


Electrophoretic Analyses of Dialyzed Maceration Extracts of Dried Brewers' Bottom 

Yeast (Hull's, Batch 4) 
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f Additional component (13 per cent) of slightlj higher mobility than that of 
the /3 component present 
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^-Descending Boundaries Ascending Boundanes-i 
ELECTROPHORESIS 

tPiG 2 Electrophoretic diagram of undialyzed, diluted maceration extract of 
dried, Hull’s bottom yeast, recorded after 387 minutes electroljsis at pH 7 86 Po- 
tential gradient, 1 8 volts per cm , nitrogen content, 2 3 mg per cc 






















352 


ELECTROPHORESIS OF lElST EXTRACTS 


2 

» 








ep 





cci 




a 

*3 

£5 


K 


fe5 


Electrophoretic mobility cm * sec volt -i x 10* 

c 

^ OlOCO^*-lWCOt^«OOi-»'^ 

00t*OO»-'CJ'V’^U3CA»-H'«^J< 

b-t00t^t^<0«0i0t«.<300 

1 1 1 1 t 1 1 1 1 1 1 1 Y 

-7 93 
-7 02 

e* 

oo-^ieocoi-it-*’^ cor^c'icDcO’^ 

05<a,-icoM<eoco oc^o^oooo 

eOcPcDiOlOO>CO M<CO*l't^lOt^Cs 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 

-6 93 
-0 23 

b" 

coc^,-ico r-co c5*-iO o 

oiCiiftoo t^r- -«s<otD coco 

COiQlO-^ t^io oco 

1 1 1 1 II III II 

r^ -nji 

o o 

O lO 

1 1 


^ CO lo 

CO tN 00 CO lO 
lO ^ ^ Th 

11)11 

TO 

I 

iT 

-5 01 
-i 47 
-4 23 
-3 09 
-3 96 

1 

«r 

S^oooooeousocjtoc^oi^r-. 

‘OOiocoOt^CacOOONl^O-n't^ 

^c3c3tfooo»oco*i«c<eoc^'S<eoio 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 

d 

d d 

00 

1 1 


+0 32 
-0 88 
-2 66 
-1 97 
-1 28 

-0 77 
-0 63 
-1 35 
-1 12 
-1 64 
-1 65 

-1 21 
-1 23 


•vcoeor^.*-' ocoeoc^i^ co 

io*-«ooooo ocodoc^ 

o^o-«ooooooo o 
+ 4* 1 1 1 1 4* + 1 + 1 

+0 10 
-0 24 

•e 

CO T h. oj o 00 

ir5 00 «5 o 

«-■ o o o o 

+ ++++++ 

+ 

Relative concentrations of iiidividual components, 
per cent 



tj"! .-HCO^CO o»o^ coc^ 


eT loc^io— ^c<i '*i*>i<cct'-oeoif5 


tfj CDi-i C^CO lO-^lpCOCO-^Maj 

«o 


o*— o--<*-«eoc^wwdioi;^ 

O M 

^ f 


«r 1 <o « o 1 


j »— < <3 ^ 



.-4co-Hoouo-fcoeoco»ftOSJS 

C«.t^tN.^t>«CO<0CDCDtOt~wU9 

CO TO 

CO TO 

•,1 c«o^co«o ujec-^ec i2 

?• { coc5c«c<c^ c4'-e*csco 

TO CO 
d CO 

«! -foor^c^oo 

CO TO 
d 

\ T-i CO 00 r- CO ^ 

•“ 1 

TO 

^satjepunog 

++ 

c P 

1 1 

•-« *Q «0 S Si 

CO<Ot-h»— 00 TO TO TO O 

^loeoco r»» 

Mean 

values 

o^luamu>lx3 

3S§g S g S 1 

c^dc^c^ cr d d d 


o 

X 

SS 


§. 

o 


t§ “ 

m 'O CJ 
O c ^ 
^ 5 & 

d o c 

§■= s 
■go I 

S2 . P 
tiD O 
e 

0 ^ ^ 
cJ T3 cJ 

3 g g 

S 5 


Im (□ 

o a 
P. . 
3 . 
02 •< 

* 4- 



K G STERN 


353 


mobility, there ii as invanably observed an appreciable /3 fraction of mter- 
mediate chaige In the majority of cases, the a fraction was resolved mto 
three individual components, migrating with sharply defined, needle-like 
peaks The reproducibility of the phenomenon i\ as such as to leave httle 
room foi the assumption that these boundaries are artifacts or “false 
boundaries” due to overheating and convection processes m the cell The 
y fraction i\as also clearly made up of several components of a closely 
similai mobility In three experiments, the /S fraction was resolved mto 
three individual components Fmally, there was almost always present 
m the anode limb of the cell a veil defined 5-boimdary with a measurable 
cathodic mobility which displayed a tendency to decrease vhen the pH 
vas raised Up to eight different compcffients could be distmguished m 
some diagrams obtamed m this series in spite of the fact that the total 


Leff Ltmb Riqhf Lmb 



After 24 Hours 



After A-Q Hours 
DIFFUSION 


Fig 3 Diffusion diagrams of the system shown in Fig 2, recorded 24 and 48 hours 
respectively after the current source was disconnected 

protein concentration could not be greater and was probably much lower 
than 1 2 per cent, smce a large fraction of the nitrogen was m dialyzable 
form The absolute concentration of some of the a or j3 components must 
have been of the order of 0 01 per cent, since their relative concentration, as 
computed from the area under these peaks, amounted to only a fev per 
cent of the total mass of material responsible for the refractive mdev gradi- 
ents m the cell This illustrates the sensitivity of the schlieren method and 
the possibility of detectmg trace components m the presence of substantial 
amounts of other materials if the conditions for electrophoretic resolution 
are favorable Direct visual observations of the matenal in the cell dunng 
the run revealed m some instances an unusually sharp and slightly cusped 
appearance of the boundaries, indicative of slight boundary anomahes 
These anomahes were obsen^ed, although the amount of current flowmg 
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through the cell was not e\cessive (potential gradients from 15 to 3 7 
volts per cm ) and although the conductivitj and pH of the 3 east extract 


Table III — Elcclrophoretic Analyses of Macera- 
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ent in the yeast extract and m the supernatant fluid It must be borne m 
mmd, however, that maceration extracts of yeast contam phosphate ions 


tton Extracts of V*anous Dried Yeast Preparations 
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in concentrations of the order of 0 1 m and that a phosphate buffer mixture 
\\as employed as the supernatant solution Soon after the current "u as 
swntched ofE, the boundanes assumed a normal appearance The results 
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of the analysis of the diagrams recorded m this series of e\penments on 
undialyzed maceration extracts from Hull’s bottom yeast are compiled 
m Table II 

In the case of globulai proteins endowed inth a fair degree of symmetri, 
it IS possible to gam information on their molecular dimensions by obsemng 
the rate of their free diffusion into a layer of supernatant solvent Such 


i 1 



HDescending Boundaries Ascending Boundaries—^ 


Fig 4 Electrophoretic diagram of dialyzed maceration extract of dried, Hull’s 
top yeast, recorded after 245 minutes electroljsis at pH 7 70 Potential gradient, 
2 4 volts per cm , nitrogen content, 2 0 lag per cc 

1 1 



^-Descending Boundaries Ascending Boundaries-^ 


Fig 5 Electrophoretic diagram of undialyzed, diluted maceration extract of 
dried, Hull’s top yeast, recorded after 315 minutes electrolysis at pH 7 91 Potenti"! 
gradient, 2 4 volts per cm , nitrogen content, 2 6 mg per cc 

observations may be made on boundanes ansmg dunng electrophoretic 
separation of complex mixtures simply by followmg the rate of their spread 
mg iiuth the schheren scanning method after the current has been dis 
connected * Diffusion diagiams of this type were frequently recorded m 

* Longsworth (6) and Rothen (7) have employed the Tiselius electrophoresis cell 
and the schheren method for the measurement of diffusion rates of single pro cm 
without preceding electrophoresis 
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the course of this ork Representative examples are reproduced m Fig 3 
It can be seen that the boundaries of the "various components contamed in 
these extracts spread at different rates, thus indicating considerable differ- 
ences in molecular v eight The true molecular weights of these protems 
may be determmed mdependently of the factor of shape by combmmg, m 

I 1 



*~Descendiriq Bouncfanes Ascending Boundaries-^ 


Fig 6 Electrophoretic diagram of undialyzed, diluted maceratiou extract of 
dried, Federal bakers’ yeast, recorded after 387 minutes electrolysis at pH 7 78 
Potential gradient, 2 4 volts per cm , nitrogen content, 1 87 mg per co 


1 I 



■e Descending BoundariesAscencTing Boundaries -4 
Ftrsf Period 


Fig 7 Electrophoretic diagram of undialyzed, diluted maceration extract of 
dried, Krueger’s bottom yeast, recorded after 367 minutes electrolysis at pH 7 SO 
Potential gradient, 2 26 volts per cm , nitrogen content 2 5 mg per cc 

the M ell known equation, given by Sx'edberg, the diffusion coefficients ob- 
tained m this manner nith their sedimentation constants which remam 
to be determined 

Following the study of the electrophoretic behanor of maceration ex- 
tiacts obtained from Hull’s bottom yeast, a series of thirteen e"xpenments 
w as conducted on dialyzed and undialyzed Lebedev extracts prepared from 
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other yeast preparations, viz , Hull’s top yeast, Federal bakers’ yeast, and 
three different batches of dned Krueger's bottom yeast laical diagrams 
obtamed in these e\'peninents are reproduced in Figs 4 to 9 The results 
of these experiments are presented in Table III 
In order to obtam comparable results m this survey of vanous yeast 
preparations, 01 m sodium phosphate buffer of pH 7 8 (lomc strength, 0 3) 

I I 



■f-Descendmq Boundaries AscendmqBoundones-^ 

Second Period 

Fig 8 Diagram of s>stcm shown m Fig 7, recorded after electrolysis was con 
tinned for an additional 701 minutes at n potential gradient of 1 23 volts per cm 

I 1 
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Fig 9 Electrophoretic diagram of dtalj zed maceration extract of dried, Krueger s 
bottom yeast, recorded after 625 minutes electrolysis at pH 7 75 Potential gradient, 
2 27 volts per cm , nitrogen content, 2 6 mg per cc 

was employed as the supernatant solution Mith a smgle exception In 
most instances the electrophoretic patterns obtamed uere quahtatnely 
rather than quantitatively similar to those secuied with extracts of Hull s 
bottom yeast Agam, the diagrams obtamed v ith dialyzed extracts v ere 
less complex than those of undialjzed extracts Again, three different 
groups of components (labeled a, P, and y fractions) v ere found, but the 
extent of resolution xmried and appreciable differences existed between the 
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various systems with respect to the mobihty and relative concentrations 
of the mdmdual components The results obtamable ivith extracts pre- 
pared from the same batch of dried yeast and from different batches of 
yeast of the same type and provenience are fairly reproducible, provided 
that the conditions of drymg and of preparmg the maceration extracts are 
identical The importance of the solvent employed m the extraction 
process is emphasized by the stnkmg differences m the electrophoretic 
diagrams of the undialyzed maceration extracts of Krueger’s bottom yeast 
(Batch 10) prepared ivith tap water and diammomum phosphate respec- 
tively (Expenments 277 and 284, Table III) The latter extract fermented 
glucose and fructose actively, m contrast to the former However, it is 
improbable that the mere state of activity of the zymase complex m these 
solutions could mfluence so profoundly the electrophoretic pattern m w'hich 
all soluble yeast colloids are represented It should be mentioned that the 
aqueous extract w’as exammed at a mtrogen concentration about 4 times 
lower than that of the ammonium phosphate extract (1 9 and 7 7 mg of N 
per cc respectively) 


DISCUSSION 

The quantitative studj of the behavior of unfractionated maceration 
extracts of dned yeast (Lebedev extracts) m an electncal field mth the aid 
of an mtegratmg refractii e index method has demonstrated the presence of 
a number of electrochemically different components In addition to their 
electrophoretic mobihtjq some information was gamed concemmg their 
relative concentrations on the assumption that the various components 
possess comparable molar refractive mcrements The solutions were 
sufficiently dilute to exclude appreciable mutual hindrance during the 
migration of the individual components m the electncal field The com- 
plexity of the system imder study is readily understandable, smce extracts 
prepared m this manner are known to contam, m addition to “mert” soluble 
protems and polysaccharide (yeast gum) denved from the yeast cell, a large 
number of enzjones, e g protemase, dipeptidase, catalase, flavoproteins, 
and the complete enz 3 mie S 3 ^tem of fermentation (zymase complex) 
Special dehydrogenases, such as the lactic acid enz 3 Tne, and hemochromo- 
gens are also present The present mvestigation confirms and greatly ex- 
tends the observations made several }^ears ago by the wnter m collaboration 
with J L Melmck, m the course of studies on yeast carboxjdase (8) The 
qualitative exammation of various yeast extracts in the Tiselius apparatus 
with the aid of the simple Foucault-Toepler schlieren method mdicated at 
that tune the presence, in such extiacts, of three groups of colloids di=- 
tmguishable by their electiophoretic behaxior at pH 7 2 Indications w ere 
also obtamed that the carboxylase migiates with the group of colloids of 
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intermediate electrical mobility, although the boundary of the enzyme is m 
all probabihty not visible as a separate entity in crude yeast extracts be- 
cause of its low concentration 

The observation made m the present n ork, viz that the electrophoretic 
diagrams obtained with undialyzed, equilibrated yeast extracts are more 
complex than those given by the dialyzed solutions, might possibly be ex- 
plamed by the removal of certam low molecular substances (coenzymes, 
metal ions, etc ) m the course of the dialysis These substances existm 
the native extracts, at least partially, m loose, dissociable combination ivith 
specific proteins Thus, cozymase combmes mth active proteins to form 
pyndinoprotems , eg , alcohol, glyceraldehyde phosphate, and glycero- 
phosphate dehydrogenase Adenylic acid is considered to be the prosthetic 
group of enzymes active m transphosphorjdation reactions, cocarboxylase 
and magnesium are components of carboxylase, nhile magnesium is a 
constituent of enolase Yeast aldolase, accordmg to recent work of War- 
burg and Christian (9), contains heavy metal, probably ferrous iron, and a 
function of manganese m fermentation also appears probable It is con- 
ceivable that after the removal of these Ion molecular components by 
dialysis the protem carriers remaming in the non-dialyzable fraction possess 
a charge distribution differing from that of the complete enzyme systems 
and become less differentiated in their electrochemical characteristics In 
this manner a pool of chemically similar proteins may be formed, migratmg 
as a unit in the electrical field A counterpart of this phenomenon might 
perhaps be found m the production of electrochemically distinct, immune 
proteins (antibodies) from the reservoir of “unspecific” serum globulins 
by immunization of the organism ivith specific antigens The differences 
observed here between the electrophoretic patterns given by extracts of 
different yeasts are not much larger than those existmg between the pat- 
terns of the blood sera of different animal species Little is known about 
the electrophoretic behavior of individual yeast enzymes beyond the non- 
optical expenments on Warburg’s “old” yellow enzyme by Theorell (10) 
and on crude hexokmase preparations by Meyerhof and Mohle (11) The 
logical extension of the present work consists m the study of the electro- 
phoretic properties of isolated yeast enzymes by optical methods 

SUMMARY 

The electrophoresis of unfractionated maceration extracts (Lebedev 
juice) derived from various dned yeast preparations has been studied m 
the Tisehus apparatus, by means of an integrating refractive index method 

A number of electrochemically different colloidal components were o 
served in these extracts and their mobilities, as well as their relative con 
centrations, were determmed 
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The electrophoretic patterns of undialyzed yeast extracts are more 
complex thaL those of the dialyzed solutions This phenomenon is hnhed 
to the removal of loiv molecular components, e g coenzymes and metal 
ions, by the dialysis of yeast extracts 
Marked quantitative differences were found m the diagrams obtamed 
vith maceration exiiracts of different yeast types 

The author ivishes to acknowledge, with appreciation, the technical 
assistance rendered by Mr Charles Lawrence and Miss Helen Trief This 
work forms a part of a research project on glycerol production by yeast 
fermentation, conducted under the auspices of the Food Distnbution Ad- 
ministration of the United States Department of Agnculture Its progress 
was greatly aided by the stimulatmg mterest shown by Mr James S 
Wallerstem of this Foundation 
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Note Added in Proo/— Celloseal, which was used in the present experiments as 
the lubricant for the Tisebus electrophoresis cell, should not be employed in e\- 
penments with blood serum or plasma, since it gives rise to anomalies in the 
electrophoretic pattern of the ascending boundaries Yeast extracts apparently 
do not possess the solvent action on this grease exhibited by serum proteins 



THE INTERFERENCE OF SESAME OIL, FISH OIL, AND 
CHOLESTEROL WITH THE POLAROGRAPHIC 
DETERMINATION OF a-TOCOPHEROL* 
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(F rom Ific Department of Chemistry, and the Department of Pathology, College of Physi- 
cians and Surgeons, Columbia University, New York) 

(Received for publication, October 27, 1943) 

In view of the physiological importance of tocopherols, repeated attempts 
have been made to determme them quantitatively m animal tissues Sev- 
eral authors (1-4) have reported methods foi the detenmnation of tocoph- 
erol in tissue extracts and have noted the difficulties caused by substances 
extracted along with tocopherols, such as fat, cholesterol, and carotenes 

In the method of Smith, Spillane, and Kolthoff (5), the polarograph was 
used for quantitative measurements of pure a-tocopherol m 75 per cent 
alcohol m the presence of an acetate buffer These experiments were re- 
peated with the electropode of the Fisher Scientific Company (6) The 
curves obtained with a-tocopherol under conditions similar to those de- 
scribed by Smith el al (5) shou ed a definite half-way potential at approxi- 
mately +0 25 volt at 31° compared with the reported value of -f 0 28 volt 
at 25°, and further, the is proportional to the concentration of tocopherol 
Therefore, the quantitative detenmnation of pure a-tocopherol is possible 

Since tocopherols m tissue extracts are always associated with fats and 
cholesterol, the next problem was to test the method m the presence of such 
substances Fats m concentrations of 2 per cent were found to be msoluble 
m the acetate buffer and m a citrate buffer of pH 4 6, when 75 per cent alco- 
hol was used as a solvent Attempts to obtain polarographic curves by 
emulsifymg the fats with 0 1 per cent of a spreading reagent (Arescap) failed 
completely 

Finally a buffer was prepared contaming 0 025 m sodium benzoate and 
0 025 M benzoic acid m 20 cc of acetone and 80 cc of water, 2 25 cc of this 
buffer, 5 cc of fat, and 92 75 cc of acetone gave a clear solution The cur- 
rents obtamed with the polarograph were approximately 0 1 per cent of 
those found with the acetate buffer m 75 per cent alcohol With the sensi- 
tivity of the mstrument used m these measurements (0 018 microampere 
per division), the differences m the current at the half-w ay potential (about 
+0 35 volt, Fig 1) betw een the buffer curve and those for the mixture w ere 
nearly of the same magnitude as the error involved While it was possible 
to obtam readmgs with a 10"^ M a-tocopherol concentration m the presence 

• Aided by a grant from the John and Mary R Markle Foundation 
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of 2 5 to 5 per cent of sesame oil oi fish oil (Mead’s, blended) or m 0 15 per 
cent cholesterol, the small currents (maximum 0 5 to 1 microampere) and 
the variability of the readmgs made the quantitative determmation of 
a-tocopherol extremely inaccurate 

As can be seen from Fig 1, the sesame oil exerts a depressmg effect on the 
current roughly proportional to its concentration The effect of the 2 5 per 
cent solution is equivalent to the effect of an approximately 10“’ m a-to- 
copherol solution (Curves II and III) The influence of the fish oil used was 
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Fio 1 a-Tocopherol, sesame oil, and cholesterol in benzoate buffer The ordinate 
scale IB given in microamperes 

Similar, while the effect of 0 15 per cent cholesterol was even more pro- 
nounced (Curve V) 

SUMMARY 

1 The method of Smith, Spillane, and Kolthoff for the quantitative 

polarographic determination of a solution of pure a'tocopherol has eon 
confirmed , 

2 Sesame oil, fish oil (Mead’s, blended), and cholesterol depress 
polarographic curve roughly m proportion to their concentration in 
buffer solution 
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3 The above effect, coupled vith the inaccuracy of the readings under 
the given conditions, prevents the quantitative determination of a-tocoph- 
erol in concentrations of 10 ~’ m m solutions contammg 2 5 to 5 per cent of 
the oils or 0 15 per cent cholesterol 
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NOTE ON PLASMA FIBRINOGEN IN GUINEA PIG SCURVY* 


Br WILLIAM R SULLIVAN, EDWARD O GANGSTAD, 

AND KARL PAUL LINK 

(From the Department of Biochemistry, Wisconsin Agnoullural Experiment Station, 
University of Wisconsin, hfadtson) 

(Received for publication, November 22, 1943) 

In a recent paper e reported that total and partial depletion of vitamin 
C m the gumea pig produced no change in the prothrombm level (or 
activity) of 12 5 per cent plasma and that adequate or high mtakes of 
(-ascorbic acid did not affect the prothrombm tune (1) In conjunction 
mth this n ork the effect of the vitamin on the fibrmogen content of plasma 
in normal and scorbutic guinea pigs nas also studied 

Relatively few quantitative data have been published on fibrinogen m 
experimental scurvy ((2) p 325) Ohata (3) determined the fibnnogen 
content with a refractometric method and concluded that it decreased 
sUghtly after the frank symptoms of scurvy developed We could not 
confirm this observation Our findings, based on a chemical method, 
indicate that the fibnnogen content increases mth the onset of scurvy and 
that feeding either raw cabbage or (-ascorbic acid along ivith the basal 
diet restores the normal level mthin 2 weeks 

EXPERIMENTAL 

The essential details of the animal expenments have already been 
descnbed (1) The gumea pigs used were those represented in the pre- 
ceding article ((1) Fig 1, p 479) Fibnnogen was deternuned by the 
method of Fohn and Ciocalteau (4) as modified by' Remer (5) on an ahquot 
of the plasma used for the prothrombm estimations The 82 gumea pigs 
used were first mamtamed for 2 weeks on the scorbutogemc diet supple- 
mented with 40 to 50 gm of raw cabbage daily Dunng this mteival the 
normal range of fibnnogen content was determined The cabbage was 
then omitted and the following supplements w ere fed Group A, no supple- 
ment, Group B, 0 5 mg of (-ascorbic acid per day, Group C, 2 mg of (-as- 
corbic acid per day. Group D, 25 mg of (-ascorbic acid per day, and Group 
E, 40 to 50 gm of raw cabbage per day Blood samples were taken at ( 
day intervals 

The results are summanzed in Fig 1 Each pomt on the curves repre- 

* Bubliahed ivith the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station This work was supported through special grants from the Grad- 
uate Research Committee of the University 
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sents an average value for groups of sl\ or more gumea pigs selected on the 
basis of umfonmty at the beginmng of the evpenment 
The fibrinogen content of normal guinea pig plasma ranged from 205 
to 245 mg per 100 cc of plasma, and essentially this same range was ob 
sensed m gumea pigs fed the scorbutogemc ration but protected against 
scurvy by daily supplements of 40 to 50 gm of raw cabbage or 2 mg of 
Z-ascorbic acid (Fig 1, Curves C and E) The guinea pigs receivmg the 
large quantity of the vitanun (25 mg per day) also showed normal fibnno- 
gen values 



TIME IN DAYS 

Fig 1 The effect of I ascorbic ncid jntabe on the fibnnogen content of guinea pig 
plasma Curve A represents plasma from guinea pigs receiving no i ascorbic acid, 
Curve C, from those receiving 2 mg of I ascorbic acid daily, and Curve E, those 
receiving 40 to 60 gm of raw cabbage per day 

In contrast the plasma of the gumea pigs on the unsupplemented scor 
butogenic ration shoved a marked mcrease m fibnnogen content after 
the 2nd week, when the usual symptoms of scurvy became evident After 
4 veeks the plasma of these animals contamed 350 mg of fibnnogen pw 
100 ml (Fig 1, Curve A) An mcrease m fibnnogen was also observed 
in another group of gumea pigs that was partially protected against scun’y 
by the supplemental feedmg of 0 5 mg of J-ascorbic acid per day, the leve 
being 305 mg per 100 ml of plasma m the 5th week of the eApenment 

Obsen'ations on the restoration of normal fibnnogen levels m scorbutic 
gumea pigs vere also made After 4 weeks, the ammals of Group A, wi 
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fibrinogen m the range of 340 to 350 mg per 100 ml of plasma, vere fed 
either 40 to 50 gm of raw cabbage or 2 0 mg of Z-ascorbic acid per dav 
The dailj feeding of the supplement usually restored the fibrmogen level 
to the normal range by the 6th week (2 weeks of curative treatment) 

SUMSI4RI 

The fibnnogen content of gumea pig plasma mcreases markedly with 
the onset of scurvy Restoration of normal fibnnogen levels m scorbutic 
guinea pigs follows within 2 weeks after the basal diet is supplemented 
either w ith raw cabbage or hascorbic acid 
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ADENOSINE TRIPHOSPHATE IN MUSCLES OF EATS STUDIED 
WITH RADIOACTIVE PHOSPHORUS* 
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(From the Dmston of Expenmcntal Medicine, The Mayo Foundation, Rochester, 

Minnesota) 


(Received for publication, October 29, 1943) 

Immediate decreases of the concentrations of glycogen and phospho- 
creatme are found m contmuously norkmg muscles, and n^y seconds 
later decreases of the adenosme triphosphate are found also llie hydrolr - 
SIS of the adenosme triphosphate, uhich involves the liberation of 2 moles 
of phosphate, may be detected m 40 seconds and reaches its maximumm 1 
or 2 mmutes m muscles n orking at the rate of three contractions persecond 
(1) The concentration of adenosme tnphosphate remams Ion asivoiL 
contmues and is restored to its original level slowly when rest ensues 
Hydrolysis and resyntbesis of adenosme triphosphate ivithout an appre- 
ciable change of its concentration are contmuously occurnng m res mg 
muscles, accordmg to studies mth radioactive phosphorus The uptake 
of P« by the acid-labile phosphate 

Hevesy and Eebbe (2, 3) and by Sacks and Altschuler (4. 5), wMe the 
uptake by the stable phosphate group is extremely slow, ^ 

Korzybski and Pamas (6) Sacks did not find any change the d^tribu- 
tion of P »2 in adenosme triphosphate from a 15 second period 

(7) showed that the dephosphorylation tnphos- 
phate is a stepwise process involvmg the formation o a enzirme 

phate and then of adenjlic acid The first step is 

adenosme tnphosphatase which Engelhardt and I^J'^tuni°wa (8) and oto 
(9) have shown to be myosin, the second step is catalyzed by a moie 

soluble enzyme, adenosme diphosphatase , o-muns m 

We have measured the uptake of P- by each of the 
the adenosme tnphosphate of muscles which were restog 
recovermg from w ork The experimental procedure 

of adenosme tr^bosphate, hydrolysis wRh myosm, ^^ ^^^^ 

Bine diphosphate, then hydrolysis wuth acid P r_. „tinn h\ droh zed 

..3 ,.dLc..v.ty for e.oh « 

;rX'l“So"r«f an >.o„r a. d.«d a proport.on 

• Read before the Division of Biological Cbemisto of the America 
Society at Detroit, April 11-16, 1943 
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of approximatelj 100 for the first phosphate group, hjdroljzahle \Mth 
mj osm, 75 for the second, hydrolj zed from adenosine diphosphate b}' acid, 
and 5 for the third phosphate group, which remains as nbose phosphate 
The content of adenosme triphosphate of muscle contractmg 180 tunes 
each mmute for 1 hour was increased somew hat more than that of the cor- 
respondmg restmg muscle m the same animal This increase of radioac 
tmty was less than that found when resymthesis of about three-fourths of 
the adenosme triphosphate was accomplished in the same time bj three 
periods of work followed by rest 

EXPERIMENTAL 

Male rats, weighing about 240 gm , were anesthetized with pentobarbital 
sodium and injected mtra\ enoush wnth from 0 4 to 2 2 mg of phosphorus 
as dibasic sodium phosphate contammg from 20 to 80 microcuries of radio- 
actue phosphorus We are greatl 5 indebted to Professor John H Law- 
rence and Dr Carl Helmholz, of the Radiation Laboratory of the TJnn ersitj 
of California, who have supplied the radioactive sodium phosphate used ui 
these studies In studies of the effect of w ork the Achilles tendon of the 
left leg of the rat w as loaded with a 100 gm w eight and stimulated directl) 
to contract three times a second for a specific penod, as preinousb de- 
scnbed (1) At the desired penod the muscles of the left leg were quicklj 
remoied, frozen with dry ice and alcohol, weighed, and extracted with cold 
tnchloroacetic acid, as preiaouslj described The muscles of the nght, 
unstimulated leg were similarlj treated and used as a basis of comparison 
A specimen of plasma w as also extracted wath tnchloroacetic acid 

Adenosme tnphosphate w as isolated by precipitation from the tnchloro- 
acetic acid extract after neutralization to methj 1 red as the mercun salt, 
followed by two precipitations as the acid barium salt from 50 per cent 
alcohol, essentially as described by Kerr (10) (Pig 1) The adenosme 
triphosphate thus obtamed had a ratio of labile phosphorus to total phos 
phorus very close to f and did not contain moi e than a trace of inorganic 
phosphate 

The method which was used to separate the three phosphate groups is 
shown in Fig 2 The adenosme triphosphate w as hy droly zed w ith mA osm 
prepared from rabbit muscle and used accordmg to the methods of Ljubi- 
mowa and Peisner (11) The miosm was always assayed against 
sme triphosphate of high punti prepaied from dog muscle bi the method 
of Kerr The my osm was considered satisfactory^ when it did not contam 
either inorganic phosphate or diphosphatase After the mA osm hy drolvsis 
both the adenosme diphosphate and Phosphate 1 were precipitated as 
banum salts and then separated by' precipitation of the adenosme dip os 
phate as the mercury salt After removal of mercun wath hydrogen 
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sulfide the adenosine diphosphate nas hjdrolyzed nith n sulfuric acid at 
100° for 15 minutes Phosphate 2 -was piecipitated as the magnesium 
ammonium salt The quantity of phosphorus m each phosphate group 
n as determined photelometncally bj’- the method of Fiske and Subbarow 
(12) The radioactmty of each group nas measured by a scale-of-four 
Geiger counter of the immersion type (13) and counts per second per mg 


TRICHLOROACETIC ACID EXTRACT 
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Fio 1 Isolation of adenosine triphosphate from trichloroacetic acid extract of 
muscle 


ADENOSINE TRIPHOSPHATE 
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Fig 2 Method of separation of the three phosphate groups 


of phosphorus were calculated It has been impossible to prevent some 
overlapping of these fractions with the relatively small amounts of muscle 
used for analysis Such errors tend to minimize the differences in the 
radioactivities of the three phosphate groups but do not obscure them 
The total radioactivity of the isolated adenosine triphosphate as calculated 
from the average of the three groups nas in each case very close to that 
found by direct determination before hydrolysis 
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The inorganic phosphate of the muscle n as precipitated directly from 
the tnchloroacetic acid e\tract as the magnesium ammonium salt, repre- 
cipitated, and then analyzed for P and P’" content (Figs 1 and 2) 

Table I 

Dislribittion of P” tn Adenosine Triphosphate in Resting Muscles 
Radioactivitj is expressed as counts per second for each mg of phosphorus 
The muscles of the hind legs i\ ere taken for analj sis the indicated number of minutes 
after intravenous injection of dibasic sodium phosphate eontaming P” as indicated 
The muscles of two or four similarlj treated rats were pooled for analysis 
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60 

54 

6 


20 

60 

277 

79 

63 

4 


20 

60 

256 

60 

48 

5 


20 

60 

331 

68 

54 

5 


30 

60 

494 

103 

70 

5 

84 

80 

60 

924 

310 

263 



so 

60 

1650 

153 

120 

8 


so 

60 


195 

120 

12 


SO 

60 

803 

297 

215 

12 

209 

80 

60 

1151 

444 

327 

27 


26 

1440 

286 

213 

197 


242 


Results 

Resting Muscles — In different experiments 20 to 80 microcuries of P*^ 
administered to rats and from 2 to 60 mmutes later the I'estmg muscles of 
the hmd legs nere removed and four or eight pooled for analj’sis The 
radioactivity of the adenosine triphosphate per mg of phosphorus I'as 
much loner than that of the inorganic phosphate durmg the 1st hour after 
the administration of radioactive phosphorus Of the three phosphate 
groups m the adenosme tnphosphate, Phosphate 1 had the greatest ra lo 
actmty durmg this period and Phosphate 3 the least (Table I) If t e 
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radioactniU of each Phosphate 1 \\as aibitianlv made 100, then the aver- 
age \alue for Phosphate 2 was 75 and foi Phosphate 3 it vas 5 at the end 
of the hour Loner values than 75 for Phosphate 2 were consistent!} 
found durmg the first part of the hour Thus P’ enteis Phosphate 1 at 
the greatest rate, but wath the lapse of time the radioactivity of Phosphate 2 
tends to approach the same vmluc In one ex-periment resting muscles w ere 
analvzed 24 hours after the administration of P^", at which time the radio- 


Tvble II 

Effect of ITorl, on Distribution of F” in Adenosine Triphosphate 
Radioactivitj is expressed as counts per second for each mg of phosphorus 
90 minutes elapsed between the time of injection of P’ and the taking of muscles in 
all experiments except Nos 10 and 17, in which 60 minutes elapsed The indicated 
period of work immediately preceded taking the specimens of muscle 




fnorganic 

phosphate 

Adenosme triphosphate 


Experiment 

No 

Total 

phosphate 

Acid labile 
phosphate 

Stable 

phosphate 







Left 

j Rifiht 

Left 

Risht 

Controls, no work 

1 

231 

187 

67 







2 


289 

117 

mm 






3 





230 


6 

11 


4 

826 

956 

154 

148 

238 


39 

49 

Muscles of left leg 

6 

566 

896 

308 

285 





Worked 1 min 

6 

530 

746 

232 

190 

323 

293 

40 

21 


7 

479 

682 



320 

308 

60 

40 


8 

654 

1227 



332 

281 

19 

16 


9 

826 

1310 

264 

251 

486 

404 

23 

12 


10 

661 

1124 

216 

224 

358 

324 

36 

38 

Muscles of left leg 

11 

433 

1 849 



258 

186 

13 

3 

w orked 60 min 

12 

560 

1099 

194 

177 

270 

213 




13 

716 

983 

222 

188 

372 

301 

63 

30 


14 

717 

1037 

1 


377 

333 

33 

15 


15 

793 

1030 

285 

214 

485 

376 

29 

10 


16 

602 

801 

264 

188 

433 

333 

105 

68 


i 

884 

1380 

259 

258 

420 

387 

23 

26 


activities of Phosphates 1 and 2 were approximately the same The radio- 
activity of the phosphocreatine was lower than that of Phosphate 1 of 
the adenosme triphosphate m each of seven experiments m which it was 
measured 

Effect of Work — In the first series of experiments on w orkmg muscles 80 
microcuries of radiophosphorus were admmistered to each rat The mus- 
cles of the left hind leg w ere stmiulated to work for 1 or CO mmutes The 
w orkmg muscles of twm rats were combined for analy’sis, as w ere the control 
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resting muscles of the right hind legs The adenosine triphosphate was 
hydrolyzed with acid and the acid-labile phosphate separated from the 
stable ribose phosphate by precipitation as the magnesium ammonium salt 
The mean difference between the labile phosphate of the five muscles vhich 
worked 1 minute and that of the control resting muscles was 42 ± 12 counts 



P32 8onc(l5mm) 38/uic00niin)20lic fcOtinn) BOuc^Orm) 

Fia 3 The first bar in each group indicates the radioactivity of the inorganic 
phosphate of the combined working muscles of that experiment The second bar 
indicates that of the corresponding resting muscles The values for radioactivity of 
the isolated adenosine triphosphate are similarly shown The period of work was 
coincident with the time after injection of P**, except that the 1 minute work period 
was the terminal minute of the first experiment 

per second for each mg of phosphorus, i\ hich is of questionable sigmficance, 
the mean difference between the seven muscles which worked 60 minutes 
and the control muscles w'as 69 ± 10 counts per second, which is statisti- 
cally significant (Table II) These figures indicate an increased radio- 
activity of 13 per cent with 1 minute of work and only a subsequent 10 
per cent increase durmg 59 additional mmutes of work The radioactivity 
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Continuous work 



Fio 4 The \ alues for radioactivitj of the isolated adenosine triphosphate from 
working and resting muscle are repeated from Fig 3 on a larger scale with the values 
for each phosphate group obtained after fractionation 

Table III 

Resynthests of Adenosine Tn-pkosphate Following B Minute Period of Worl. 
Mean concentrations of phosphorus are expressed as mg per 100 gm of muscle 
The muscles of the right legs rested throughout the experiment, the muscles of the 
left legs rested for the number of minutes specified after the 5 minute work period 
The muscles of each rat w ere analyzed separately 


No of 
rftt& 

Tune 

of 

rest 



Inorganic P 

Labile P of adenosme triphosphate 

Left leg 

Right leg 

Mean difference 

Left leg 

Right Its 

Mean diffeicnce* 


Mean 

SJi 

Mean 

SD 

Mean 

SJ3 

Mean 

SJ> 

10 

mn 

0 

71 1 

n 3 

31 4 

5 9 

39 8 ± 4 1 

16 8 

4 5 

39 2 

27 

-22 4 ± 1 5 

12 

2 

54 7 

IS 7 

32 7 

4 3 

22 0±7 5 

21 0 

6 0 

41 3 

rag 

-20 2 ± 2 1 

13 

5 

45 4 

12 6 

32 8 

4 6 

12 6 ± 3 5 

19 9 

4 6 

37 8 

4 2 

-17 9±1 8 

9 

wm 

33 5 


33 6 

4 2 


25 7 

3 3 

KMil 

1 1 

-12 3 ± 1 3 

6 

15 

33 5 

3 2 

32 1 

6 6 

1 4± 1 6 

27 4 

4 2 

39 5 

4 3 

-12 1 db 1 5 

S 

25 

31 2 

2 7 

31 S 

5 0 

-0 6± 1 4 

25 8 

2 8 

36 8 

2 2 

-11 0 ± 1 4 

12 

65 

24 2 

6 9 


5 2 

-5 2 ± 1 7 

29 9 

4 8 

32 9 

4 3 

-3 0±0 8 


s D indicates the standard deviation 

* The value following the ± sign is the standard error of the mean 
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of the adenosine triphosphate after 1 minute of work n as 58 per cent of 
that of the morgamc phosphorus and after 60 mmutes of work it was 55 per 
cent Smce more than half of the adenosine tnphosphate of muscle is 
hydrolyzed durmg 1 mmute of work, the increase of radioactivity found in 
our expenments does not indicate anj appreciable turnover of adenosine 
tnphosphate m contmuous work 

In the second senes of expenments the muscles from four or eight hmd 
legs were combined and the more extensive fractionation was attempted 

Table IV 

Concentrahons of Adenosine Triphosphate Folloitnng Alternate Periods of S Minutes 
of IVorl and IB Minutes of Rest 

Mean concentrations of phosphorus arc expressed as mg per 100 gm 

The muscles of the right legs rested throughout the experiment, the muscles of the 
left lege worked and rested for the number of minutes specified The muscles of 
each rat were analyzed separately 




i 


Inorganic P 

1 Labile P of adenosine triphosphate 

No of 
rats 

Tunc of ^vork 
(W ) and rest (R ) 

1 Lett leg ] 

iWght leg 1 

1 

Mean difference* 

Left leg ' 

1 Right leg 

Mean difference* 

1 


Mean 

6J3 ' 

1 

Mean 


Mean 

SJ> 

Mean 

|sj> 

1 

10 i 

tnin 

6W 

71 1 

11 3 

31 4 

5 9 

39 8 ± 4 1 

16 8' 

4 5 

L 2j2 7 

-22 4±1 5 

6 

5 “ + 15 R 

33 5 

3 2 

32 1 

6 6 

1 4 ± 1 6 

27 4' 

4 2 

39 54 3, 

-12 1±1 5 

12 

5 “ + 16 “ 

77 0 

7 4 

32 8 

2 9 

44 2 ± 2 7 

17 5 

3 5 

30 o: 

|1 9 

-21 5 ± 1 2 

12t 

+ 5W 

2 (5 W +15 

35 6 



6 8 

1 5±6 1 

26 9 

7 5 

39 2 

3 3 

-12 3 + 2 3 

6 

R) 

2 (5 W +16 


1 

4 4 

32 1 

5 5 

35 9 ± 2 2 

21 9 

2 4 

39 3 

1 

i5 9 

-17 4 ± 2 2 

8 

R) +6W 

3 (5 W +15 


6 1 


3 1 

1 

i -5 0db2 4 


5 3 

38 7 

1 

6 8 

-8 0±2 1 


R) 

1 ' 


1 1 


1 

I 

1 

I 

1 




8 B indicates the standard deviation 

* The value following the ± sign is the standard error of the mean 
t One rat in this group failed to show anj recovery during the rest period 


From 20 to 80 microcunes of P’- weie admmistered to each rat from 15 to 
60 mmutes befoie the muscles were removed (Fig 3) The radioactivity 
of the inorganic phosphate of the resting muscles was greater with the 
larger amounts of and the shorter intervals than with the smaler 
amounts of P^'^ and the longer mtervals The radioactn itv of the morgamc 
phosphate of the plasma was usually 10 times as great as that of the mor- 
ganic phosphate of the muscle, the radioactivity of the latter was muc 
greater than that of the adenosine tnphosphate at the time 
studied The radioactivity of the inorganic phosphate was reduced m e 
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working muscles bocmisc of dilufioii ^\l(h pliosplnlc hbciated from the less 
ndioaclno organic compounds The rndioactivifj of the adenosine tn- 
phosphalc showed a small increase in the working muscles In both the 
irorking and the resting muscles the radioactuitj of Phosphate 1 was 
higher than that of Pliosphatc 2 and this was much higher than that of 
Phosphate 3 The radioactuitj of Phosphate 2 tended to approach that 
of Phosphate 1 m the working muscles (Fig 4) 



Fig 5 The fimt bar m each group represents the radioactivity ot the inorgan 
phosphate in the muscles of the left legs, which worked and rested or a 
periods of 5 and 15 minutes for I hour The second bar indicates that of the corre- 
sponding resting muscles The values for radioactivity of the isolated 
triphosphate are similarly shown The first work period was begun m a 1 
immediately following the injection of P” 


Effect of Work Followed hy Rest— When the muscles of rats were stimu- 
lated to work for 5 minutes, a mean decrease of the concentration o a eno 
®ine triphosphate, expressed as mg of labile phosphorus per gni 
^scle, of 22 4 ± 15 was found, compared wnth the 
(Table III) Thu difference w as reduced to 12 3 ± 1 3 and 1 j in 
phosphorus by a partial resynthesis during succeeding peno 
and 25 minutes of rest and to 3 0 ± 0 8 after 55 minutes of rest 
Groups of rats were studied after one or more alternating peno 
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minutes of work and 15 mmutes of rest At the end of three such nork 
periods there neie mean increases m the concentrations of inorganic phos 
phate of 39 8, 44 2, and 35 9 mg of phosphorus m the working muscles 
(Table rv) , the increases practically disappeared dunng each rest period 
Mean decreases in the concentration of the acid-labile phosphate of the 
adenosine triphosphate of 22 4, 21 5, and 17 4 mg of phosphorus during 
each of the three work periods w ere found and these decreases n ere reduced 
to 12 1, 12 3j and 8 0 mg respectivelj during the rest penods Thus 10 3, 
9 2, and 9 4 mg of phosphorus ii ere resynthesized to adenosme triphosphate 
dunng 1 hour When such a turnover of adenosine tnphosphate was pro 


Work ond rest 



Fig 6 The values for radioactivity of the isolated adenosine tnphosphate from 
experimental and resting muscle from the second, third, and fourth expenments of 
Fig 6 are repeated on a larger scale ^ith values for each phosphate group obtained 
after fractionation 

duced in rats which had been injected mth radioactive phosphorus, there 
was an mcrease of the radioactivities of both the morganic phosphate and 
adenosme tnphosphate of the stimulated muscle compared ivith the un- 
stimulated muscle (Fig 5) This increase Mas greater than that found 
after 60 mmutes of continuous Mork The increase of radioactivity of 
the adenosme tnphosphate was found in both Phosphates 1 and 2 (Pig 6) 

Comment 

The relatively slow exchange of between the inorganic phosphate of 
plasma and muscles, which we have found, has been observed previously by 
Hevesy and Kebbe (2, 3), Sacks and Altschuler (4, 5), and others, as has 
the slower uptake of P^" in the adenosme tnphosphate The uptake o 
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P’- by the labile phosphate of adenosine tnphosphate in muscle extracts 
has been shomi, honever, by Meyerhof (14) to be a much faster process 

^Tiilc our studies confirm the observations of others that the uptake of 
P’" in the acid-labile phosphate groups m adenosme triphosphate is much 
greater than m the stable phosphate group, they show m addition that 
the uptake of P’” is greatest in the first phosphate group, which is hydro- 
Ij'zable with nij'^osm This proiudes e\ idence that reactions involvmg the 
hydrolysis of adenosme triphosphate to adenosme diphosphate occur some- 
M hat more often than do reactions involving the formation of adenylic acid 
from adenosine triphosphate, in the intact animal Such reactions have 
been demonstrated frequentlj in studies in vitro (15) Whether myosm 
IS the enzjTne ishich controls the tumo\er of Phosphate 1 in restmg muscle 
IS not knorni and this might depend on the extent of similarity between 
the processes of maintenance of muscle tone and contraction Water- 
soluble enzjmes such as that reported by Sakov (16), which catalyzes the 
transfer of phosphate from adenosme triphosphate to fructose phosphate, 
might nell be involved in the turnover of phosphate m adenosme triphos- 
phate of restmg muscle 

The position of myosm m relation to adenosme triphosphate m working 
muscles is not at all clarified by these studies Recent studies with other 
techniques have demonstrated the enzyme-substrate relationship of these 
two substances, as w'ell as the influence of adenosme triphosphate on the 
structural properties of myosin Thus Engelhardt (17) has produced a 
specific elongation of mj osm threads wath adenosme triphosphate, a process 
which resembles relaxation, and Needham and others (18, 19) have found 
specific effects of adenosme triphosphate on the viscositj and birefnngence 
of myosm If adenosme tnphosphate were the immediate source of energy 
for contraction of muscle and its hydroh sis with the liberation of morganic 
phosphate were controlled by mjosm, and if the rate of its resynthesis in 
workmg muscles could be measured by the isotope technique, a large 
increase m uptake of P’- by the adenosme triphosphate in contmuouslj’’ 
workmg muscle might be expected Instead, only a small mcrease was 
found If the labile phosphate of adenosme triphosphate is greatlj’" in- 
volved during continuous work, the adenosme tnphosphate must be resyn- 
thesized from the products of its ow n hydrolj’'Sis 

That the isotope technique does not indicate all the phosphate trans- 
formations which occur in muscles was shown m earlier studies m which we 
w ere able to produce an 80 per cent tumor er of phosphocreatme repeatedi}’ 
wathout an mcrease of the uptake of P’" as compared with the phospho- 
creatme of the control lesting muscles (20) This limitation of the useful- 
ness of the isotope technique becomes m itself a commentary on the high 
degree of chemical organization in muscle tissue That the phosphate 
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liberated from the organic phosphates dunng ii ork does not mix with the 
highly radioactive morganic phosphate originally present might be due to 
the fact that the latter is extracellular Or if the mtracellular morganic 
phosphate were also highly radioactive, then the lack of mixmg must be 
due to chemical or physical forces existing withm the cell If we assume 
that the concentration of morganic phosphate in extracellular flmd is the 
same as in plasma and that the extracellular space is the same as the 
chlonde space of muscle, then it is apparent that most of the morganic 
phosphate of muscle is mtracellular Information on the rate at which 
labeled inorganic phosphate enters this mtracellular space would be essen 
tial for an adequate mterpretation of oui results on workmg muscles 
Somewhat more than a half of the labile phosphorus of the adenosme 
triphosphate (22 4 mg ) was hydrolyzed during a 5 imnute penod of vork 
Only 10 3 mg were resynthesized during a subsequent 15 minute rest 
penod, dunng which time all of the extra morganic phosphate produced 
durmg the w ork period had disappeared Further resynthesis of the adeno 
sme triphosphate w as therefore slow er and w as not quite complete at the 
end of the hour In contrast to this, of the 40 mg of phosphorus by 
drolyzed fiom phosphocreatme durmg a 1 minute penod of work, about 
80 per cent is resynthesized durmg a 4 minute rest penod 
■^en a resynthesis of about 35 per cent of the final concentration of 
adenosme tnphosphate was produced three tunes m 1 hour by alternate 
penods of 5 mmutes of w ork and 15 minutes of rest, there was an mcrease 
m the radioactivity of the first and second phosphate groups No such 
mcrease was found previously when the 80 per cent turnover of phospho 
creatme was produced repeatedly This may be due in part to the greater 
reorganization of muscle which occurs m the longer rest penod necessary 
for the partial regeneration of adenosine tnphosphate 

SUMMARl 

In the contmuous turnover of the labile phosphate of adenosme tnphos 
phate which occurs m restmg muscle, the uptake of P’" is greatest m the 
first phosphate group, which is hydrolyzable with myosm, and least in the 
third phosphate group, which is attached to nbose The distribution o 
P’" m the three groups is approximately m the proportion of 100, 75, and 
the 1st hour after admmistration of P’” , 

In the turnover of labile phosphate of adenosme triphosphate w ic 
occurs m workmg muscle, the uptake of P’' is increased only a small amoun 
above that of the restmg muscles, eien after 180 contractions a mmu 
for 1 hour , 

Studies of the resynthesis of adenosme tnphosphate followmg t e 
drolysis of about a half of the labile P (22 4 mg ) m 5 mmutes showed a 
synthesis of about 10 mg m 10 mmutes, at which time all the excess mo 
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game phosphate had disappeared Fuither resynthesis was slow and was 
not quite complete in 1 hour 

"nTien a turnover of about 35 per cent of the labile phosphorus of the 
adenosme triphosphate was produced three tunes in 1 hour, a greater 
mcrease in the uptake of was found than after a 1 hour period of con- 
tmuous work 
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EFFECT OF ACYLATING AGENTS ON THE SULFHYDRYL 
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The action of phenj’l isocyanate, carbon suboxide, and ketene on van- 
ous proteins has been studied b\ a number of m\ estigators (1-8) In all 
of this ttork attention was focused on the reaction of the ammo and phe- 
nolic h 3 'dro\ 3 d groups of the protein under investigation, although the pos- 
sibilit}’' of interaction of other gioups with phenyl isocyanate and car- 
bon subovide has been recogmzed (2, 5) 

In the course of experiments designed to reduce the hydrophilic proper- 
ties of egg albumm bj blocking of its polar groups, the effect of these 
three reagents on this protein was mvestigated It was observed that, 
between pH 5 and 6, phen}'! isocj'anate and carbon suboxide react more 
readily wnth the thiol groups than with either phenolic or ammo groups 
Ketene, on the other hand, reacted with a greater proportion of the ammo 
groups than of the thiol groups of the nativ'e protein The thio esters 
formed by these reagents weie found to resemble similar phenolic esters 
m their mstabilitj toward alkali 

These findings tend to emphasize the need for caution m interpreting the 
changes produced by reagents with supposedlj’’ specific action upon the 
protein molecule On the other hand, thev suggest the use of rev ersible 
thiol acj lation as a tool m studies of the role of sulfhv'dr 3 d groups m bio- 
catal 3 dically activ^e protems 


EXPERIME'fTVL 

Treatment with phen 3 d isoc 3 anate was carried out by addmg the reagent 
diop b 3 drop to a well stiiied dia^zed solution of repeatedl 3 recnstalhzed 
egg albumm (3 to 4 per cent) at room temperature, stimng was continued 
for 16 to 24 houi-s The amount of reagent used was varied from 70 to 
130 per cent, b 3 ' w eight, of the amount of protem The solution w as found 
to change from pH 5 3 to 5 5 during this treatment Carbon suboxide was 
prepared according to Huid and Pilgrim (9) Amounts corresponding to 
100 to 200 per cent of the protem were distilled into the protem solutions, 
containing acetate buffer of pH 5 75, at approximate^ 10° Alkali was 
added as needed to maintain the solution between pH 5 and 6 Ketene 

3S5 
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■was either passed directly from a generator (10) through similarly buffered 
egg albumin (at 10° or 30°), or it was collected over peti oleum ether, which 
made it possible to pass measured amounts of the gas slowly through the 
protein solutions With the former technique, a rapid stream of ketene 
was passed through the solution for 15 to 45 minutes with sturing and 
addition of octanol to prevent excessive foaming, with the latter technique, 
a 2- to 5-fold amount of ketene (bj weight) was used, and it was permitted 
to act on the protein solution for periods rangmg from 4 to 48 hours 

Treatment with any of these reagents led to gradual and partial precipita 
tion of the protein It w as difficult to estimate to w hat e'rtent this precipi 
tation w'as due to the formation of less water-soluble protein derivatives or 
to what extent to surface denaturation in the biphase S3 stem * To estab 
hsh uniform conditions favorable for colorimetric anab’sis, all solutions 
w ere dial3 zed, and insoluble matter remoi ed bv centrifugation before am 
analyses were peifoimed The amount of soluble protein vaned from 60 
to 90 per cent, depending upon the t3’pe and the mteiisit3 of treatment 

Thiol groups weie deteimined after denaturation in 40 per cent urea, 
according to hliiskv and Anson’s modification (11) of the Fohn method 
An amount of solution containing about 10 mg of protein was brought 
to 2 5 ml bv the addition of 1 n sodium chloride," 8 ml of urea solution, 
1 ml of buffer, and 0 5 ml of the phosphotungstic acid solution were then 
added The resultant blue color was read after 30 mmutes on a photo 
electric colorimeter, wath a red filter, the proportion of free thiol groups 
was calculated bv comparison of these readings with a standard curve 
prepared from untieated egg albumm within the range of 5 to 25 mg If 
a precipitate foimed, it was centrifuged off before the readings were taken 

To determine the labiht3 of the derivative toward alkali, 0 75 ml of 
1 N sodium hv di oxide w as added to 1 ml of protein sample, follow ed bv 
0 75 ml of 1 X hvdiochloric acid after various time periods The solutions 
were then prepaied foi coloiimetnc assav' bv the addition of the above 
reagents vv itli the exception of the sodium chloride In a stud3’’ of the time 
needed for complete hbeiation of the thiol groups, the chromogenic value 
of the protein was found to rise to a maximum, followed 63 a gradual 
decrease with prolonged exposuie to alkali The time until the maxamiim 
was leached, a« well as the subsequent rate of decrease, vmried from one 
protein derivative to another It appeared piobable that these decrease 
might be caused bv'' secondar3 reactions, eg , oxidation of the libera e 

V In view of this fact it is not possible to correlate the present findings with 
of other authors w ho studied the accessitilit'^ or reactmtj of the thiol groups 0 
native protein with various water-soluble reagents . 

® The final color was independent of the concentration of sodium chloride wi 
the range used 
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thiol groups This secondary reaction appeared to be the limiting factor 
m the recoveiy of thiols from thioacyl groups This was borne out by the 
fact that recovery v as least complete with the slowly hydrolyzang malonyl 
derivatives When 0 1 n mstead of 1 n alkali was used, the rate of thiol 
liberation was greatly reduced, while that of the thiol-decreasmg reaction 
v as not markedly affected, maximal recovery was then far from complete 
In control experiments m which untreated egg albumm was exposed to 1 
N alkah only the secondary oxidative reaction, tea slow decrease m the 
thiol content, was observed ’ 

Phenohc hydroxyl (plus tryptophane) was estimated by the Herriott 
modification (6) of Folm’s procedure, by both the pH 8 and pH 11 method 
Irregulanties m the phenol values of treated preparations rmght have been 
avoided if the pitfalls and improvements of the method, discussed by 
Miller (12), had been knorni at the time these experiments nere performed 
Protem ammo nitrogen was detenmned by the Van Slyke manometnc 
method (13), a 15 mmute reaction period in a blacked out chamber being 
used (14) With malonyl protems the precautions mentioned by Ross and 
Christensen (4) nere observed It is veil recognized that none of the 
methods used can be regarded as stnctly quantitative, but they appear 
veil suited for comparative studies, m particular when the observed reac- 
tion is reversible, as is the case with acylated phenohc and sulfbydryl 
groups 


Resulls 

The results of a few representative experiments are summanzed m 
Table I Smce the reagents are gradually decomposed by the aqueous 
solvent, the extent of acylation must be regarded as indicative of the rate 
of reaction of vanous protem groups As stated, only the fraction of the 
protem which remams soluble m distilled water could be analyzed colon- 
metrically It may be assumed that this is the least modified protem frac- 
tion, for mdependent experiments, to be reported elsevhere,'‘ have shown 
that extensive acylation, m particular vith phenyl isocyanate, tends to 
decrease the water solubihty or absorption of protems It thus appeared 
that phenyl isocyanate oi carbon suboxide reacted at pH 5 to 6 more 
rapidly ivith the thiol groups than mth the ammo or phenohc groups of 
native egg albumm ® The thiophenylurethane bonds formed from phenyl 
isoc\anate were completely hydrolyzed by sodium hydroxide mthm 2 

* Upon exposure to alkali, ^-lactoglobulin and crude papain showed increasing 
amounts of thiol groups 

‘ Fraenkel-Conrat, H , and Olcott, H S , in preparation for press 

* At pH 8 to 9, phenyl isocyanate reacts at an appreciable rate also with the 
ammo groups 
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minutes, ii liile about 1 hour u as needed for maximal hydrolysis of the thio 
malonyl bonds lesulting from the reaction with carbon suboxide Ketene 
treatment caused acetjlation of a considerable proportion of the ammo 
groups, accompanied by some sulfhydrvl acetylation The thioacetate 
groups iieie hydrolyzed as rapidly as the thiophenylurethane groups Xo 
indication of acylation of the tjTOsme lias obtained in any of these ex 
penments ® 

For purpose of comparison, cjsteme and glutathione were also tieated 
iiith carbon suboxide and ketene ’ As iiith the protein, the gaseous rea 
gents had to be used m great excess to achieve acylation of more than half 
of the thiol groups present Reduced glutathione iias found to react 
someiihat more leadily than C 3 '‘!teine The comparative rates of hydioh- 

Table I 


Effect of Acylahng Agents on Proietn Groups and Stability of Thioacyl Bond Toward 
Mild Alkaline Hydrolysis* 



Thiol groups 


Phenol and 
indole groups 

Reagent 

Before 1 

hydrolysis 1 

After 

hydrolysis 

Time for 
maximal 
hydrolysis 

Ammo groups 

Phenyl isocyanate 

Carbon suboxide 

Ketene 

ptr cent 

42 

45 

38 

65 

76 

80 

per cent 

100 

100 

88 

90 

93 

98 

min 

2-10 

60 

2 

per cent 

86 

98 

108 

42 

22 

per cent 

90 

115 

98 

100 

107 


* Expressed as the percentage of the groups present in the original protein 


SIS of the amino acid thio esters iiere similar to those of the corresponding 
protein ester groups Complete hydroljsis of the thioacetjd bonds of both 
lias achieved in about 1 mmute, iihile 10 and 60 minutes were needed to 
break the thiomalonyl bonds and release the glutathione and cj'steine, 
respectively Agam, secondary reactions appeared to interfere mth com 

* Although the phenolic groups of native egg albumin did not react with carbon 
Buboxide, they reacted readily after the protein had been denatured by addition o 
an equal amount of the detergent, sodium alkyl benzene sulfonate (Nacconol >,R 
(15) The malonjltjrosine groups thus formed could be hydrolyzed at pH H, 
confirmation of the finding of Tracy and Ross (5) w ho used native serum albumin 
The thiol groups of egg albumin are rendered autoxidizable by this denatunng agen 

’ The reaction of the thiol groups of cysteine and thiol acids v ith p onj 
isocyanate at pH 8 has been described by Gaunt and Wormall (2) The resu an 
thiophenylurethanes were characterized ns alkali-labile 
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plete recoveiy of the thiol groups from the slowly hj drolyzmg malonyl- 
cj Sterne, -while good recoveries -were obtained m the other three cases * 

The author is indebted to H S Olcott for helpful suggestions and criti- 
cism, to Miss M Cooper who performed the ammo mtrogen analyses, and 
to F E Lmdquist and R A O'Connell for the preparation of crystallme 
egg albumin 


SUMMARY 

At pH 5 to 6, phenyl isocyanate and carbon suboade were found to react 
with the thiol groups m preference to the ammo or phenolic groups of 
crystalhne egg albumm Ketene treatment caused more rapid acetylation 
of the ammo groups than of the tliiol groups The thio esters formed by 
an.} of these reagents u ere hydrolyzed by alkali at room temperature, per- 
mittmg almost complete recoverj of the protein thiol groups Such re- 
lersible acylation of sulfhjdrjl groups was also demonstrated m model 
experiments wnth cysteine and glutathione 
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* In the case of the carbon subovide-treated glutathione solution, anomalous 
results were obtained after exposure to alkali, the intensitx of the thiol color teat 
increasing steadilj with time 
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Recognition of the djmamic nature of depot fat caUs attention to the 
question of the selective utilization of fatty acids m the animal organism 
Longenecker (1) observed only shght changes in the proportion of com- 
ponent fatty acids of depot fat during fasting and concluded there was no 
evidence of selective utilization of unsaturated fatty acids Quaglianello 
and Scoz (2)* and Hodge and his collaborators (4) made the interesting 
observation that the degree of unsaturation of adipose tissue fat is mcreased 
as a result of fastmg Quaglianello and Scoz suggested that m fat mobili- 
zation fat IS first h3'drolyzed m the fat cell and the free fatty acids then 
desaturated before entenng the blood stream to be transported and catab- 
olized elsewhere This theory is based on the findmg m fat tissue of a 
true lipase that splits neutral fat, and a dehydrogenase that desaturates 
fatty acids but not neutral fat Hodge and his coiiorkers claim that the 
changes observed may w ell anse from a non-specific bummg of fat mth an 
lodme number of approximately 80 

The present investigation, designed to determine the changes m the 
amount and degree of unsaturation of the blood lipids during fasting, 
appears to support the conclusion that there is a non-selective utihzation of 
stored lipids 


Methods 

Male, 3 month-old, albmo mice, previously raamtamed on a diet of either 
oats and Punna dog chow, or Punna rabbit chow and Purma dog chon, 
were used After the imtial weighmg, the mice were fasted, accordmg to 
the procedure previously reported (4), for 1, 2, 3, and 4 day penods Blood 
samples were obtamed from the axillary artery according to the method 
descnbed by Kuhn (5) The whole blood samples were paired for 
analysis and analyzed by standard methods for phosphohpid (6) and 
acetone-soluble lipid (neutral fat and cholesterol) (7), from which the total 
hpid values were calculated The lodme number of the hpid fractions was 
determined by the method of Yasuda (8) Preliminary expenmenfs mth 
this method showed that unreliable lodme numbers were obtamed for the 
phosphohpid fraction w hen chloroform w as used as the soK ent How e\ er, 

‘ Cited by Rony {(3) p 42) 
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it lias found that reliable and reproducible iodine numbers were obtamed 
when all mixture of chloroform and ether was used to dissolve the phos 
pholipid The detaUs of these modifications are being published separately 

DISCUSSION 

Data on the blood lipids of fasted mice, previously maintained on a diet 
of oats and Purina dog chow, nTth chloroform as the soh ent for the phos- 
pholipid, are given m Table I A statisticallj " significant increase i\as 
observed in the acetone-soluble lipid and total hpid of the blood of all the 
fasted mice, and in the phospholipid after the 1st da\ of fasting These 
results are m agreement n ith those previously reported (9) 

The iodine numbers obtained for the acetone-soluble fraction approxi 

Tabli. I 

Average Data on Blood Lipids of Fasted Mice Previously Maintained on Diet of Oats 
and Purina Dog Chow (Chloroform Used to Dissolve Phospholipid) 

The ± values for the lipids represent the standard deviations 


0 

of 

mice 

Days 

fasted 

Initial 

body 

wcieht 

Loss m 
bod^ 

V. eight 

Phospholipid 

Acetone soluble 
lipid 

iNo of 
acetone soluble 
lipid 

Total lipid 



sm 

21 ifc 1 

per cent 

mg per cfnt 

275 ± 16 8 

mg percent 

277 ± 21 1 

91 ± 3 5 

mg percent 

552 ± 24 4 


1 

22 ± 1 

12 ± 3 


339 ± 47 6 

95 ± 4 4 

649 ± 77 5 


2 

22 ± 1 

21 ± 3 

(+13)* 

324 ± 3 6 

(+22) 

324 ± 16 8 

(+4) 

91 ± 5 2 

(+18) 

648 ± 16 4 

e 

3 

24 ± 1 

23 ± 2 

(+18) 

359 ± 25 0 

(+17) 

346 ± 16 1 

(0) 

89 ± 4 1 

(+17) 

706 ± 20 4 

6 

4 

24 ± 1 

27 ± 2 

(+31) 

351 ± 5 2 

(+25) 

341 ± 10 2 

(-2) 

93 ± 3 2 

(+28) 

692 ± 14 4 





(+28) 

(+23) 

(+2) 

(+25) 


* The figures in parentheses represent the percentage changes from normal 


mated 90, and showed no statistically significant change from normal as a 
result of fasting 

Because unsatisfactory lesultsweie obtained for the iodine number of the 
blood phospholipid yvhen chloiofoim y\as used as the solvent, experiments 
yyeie earned out yvith all mixture of chloiofoim and ether to dissoh'e the 
phospholipid Data on the blood lipids of fasted mice previously mam 
tamed on a diet of Puiina labbit chow and Purina dog chow, with chloro 
form ethei mixtuie as the sohent for the phospholipid, are given in Ta e 
II In contiast to the inciease observed m the phospholipid fnetmn 
(Table I) the phospholipid \ ilues (lable II) showed no statistically^ signi 
cant change from normal as a result of fasting Howexer, the maximum 


* Fisher’s test w as used 
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fasting value foi the blood phospholipid (352 iiig pci cent) approvimates 
the maMmum blood phospholipid values (359 incl 349 mg pei cent) 
reported m Table I and in a pievious publication (9) respectiv^elj This 
absence of any significant inciease m the phospholipid fiaction (Table II) 
results because the lev cl of blood phospholipid m the control animals (328 
mg per cent) is appreciabb highei than the contiol v alues (275 and 256 mg 
per cent) reported m Table I and by the authoi (9) respectively The 
lugher level of blood phospholipid in the control animals (Table II) maj 
be due to a change m the stock diet, nameh, the substitution of Punna 

Table II 

Average Data on Blood Btpids of Fasted Mice Previously Maintained on Diet of Purina 
Rabbit Chow and Purina Dog Chow (1 1 Chloroform-Ether Mixture Used to Dissolve 

Phosphoh-pid) 

The ± values for the hpids represent the standard deviations 


JsO 

q! 

mice 

Days 

fasted 

Initial 

body 

weignt 

1 

Loss in 
body 
weignt 

Phospho- 

lipid 

I Mo of 
phospho- 
lipid 

Acetone 
soluble hpid 

I No of 
acetone 
soluble lipid 

Total lipid 



1* 

ptf ani 

mg percent 


mi Percent 


mg percent 

14 

0 

22 ± 1 


328 

83 

283 

95 

611 





±38 1 

±3 3 

±37 2 

±5 7 

±64 5 

12 

1 

23=fc 1 

12 ± 2 

352 

84 

360 

97 

712 





±20 S 

±2 6 

±57 2 

±3 3 

±59 3 





(+7)* 

i+l) 

(■h27) 

(+2) 

(+17) 

12 

2 

23 ± 1 

20 ± 2 

338 

1 84 

287 

92 

625 


j 



±16 7 

±2 2 

±84 7 

±4 6 

±49 1 





(-1-3) 

(-hi) 

(-hi) 

(-3) 

(+2) 

12 

3 

24 ± 1 

24 ± 1 

335 

84 

310 

94 

645 





±28 6 

±2 2 

±35 6 

±7 3 

±61 3 





(-h2) 

(-hi) 

(+10) 

(-1) 

(+0) 

12 

4 

24± 1 

30 ± 3 

323 

90 

262 

95 

5S5 





±24 4 

±8 9 

±30 8 

±6 8 

5 

1 

1 

1 


(-2) 

(-hS) 

(-7) 

(0) 

(-4) 


• The figures in parentheses represent the percentage changes from normal 


rabbit chow for oats This resulted m much better consumption of the 
diet by the mice These lesults appear to indicate, therefore, that any 
changes observed in the blood phospholipid level as a result of fasting 
depend on the prefasting lev el 

The acetone-soluble lipid and the total hpid (Table II) showed statisti- 
cally significant mcieases (27 and 17 per cent, respcctivelj ) onlj on the 1st 
day of fasting The total lipid value of the blood for the control animals 
(611 mg per cent) was appreciably higher than the control values (552 
and 531 mg per cent) reported in Table I and bv the author (9) rcspec- 
tiv ely This is largelj a leflection of the elev ated prefasting blood phospho- 
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lipid value, and tends to mmunize the percentage change in the total lipid 
of the blood following fasting, m companson to the acetone soluble lipid 
These results are, how ei er, m substantial agreement vath the statement 
of Ronj ((3) p 29), that there is regularh a slight increase m the neutral 
fat content of plasma after a 20 to 24 hour fast, usualli not evceedmg 20 
per cent of the postabsorptn e aalue But as the fast contmues, no con 
sistent changes are found in the total hpid or m anj of the hpid constituents 
Apparenth in fasting the depleted tissues mav absorb mobilized fat from 
the blood at about the same rate as it pours into the blood from the depots 
The lodme numbers of the phospholipid and acetone-soluble hpid (Table 
II) shoved no statisticaUj significant change from normal as a result of 
fasting IMien the phospholipid fattj acids are computed as two-thirds of 
the phosphohpid, the ai erage iodine number for the phosphohpid fraction 
(85) closelj approximates the \ ahie (124) reported bi Boj d (10) for the 
phosphohpid fatti acids of human blood plasma The degree of unsatura- 
tion of the blood lipids (Table II) appears to support the conclusion of 
Hodge and his coworkers (4), that during fasting there is no preferential 
or selectn e utihzation of the fatti acids but rather a non-specific bummg 
of fat vath an lodme number of approximateh SO 

SUMMARY 

On fastmg, 3 month-old, male, albmo mice shov ed a statistically sigmfi- 
cant mcrease m the acetone-soluble hpid and total hpid of the blood 
Changes obsen ed in the blood phosphohpid lea el, howei er, appeared to 
depend on the prefasting level 

No sigmficant changes from normal were found in the degree of unsatura 
tion of the phosphohpid and acetone-soluble hpid fractions These results 
support the conclusion that there is no preferential or selectii e utilization 
of fat dunng fastmg 
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REDUCING SUBSTANCES IN URINE 
IMPROVED PRECIPITATING AGENTS 
Br MARLOWE DITTEBRANDT, MARY TENNEY, and EDWARD S WEST 
(From the Department of Biochemistry , University of Oregon Medical School, Portland) 
(Received for publication, November 15, 1943) 

Laug and Nash (1) have shown that unne filtrates prepared by the acid 
HgS 04 -BaC 03 technique of West and Peterson (2) give values for ferment- 
able sugarwhich are somewhat too high This was shown to be due to hydrol- 
ysis of some precursor of fermentable sugar by the acid of the reagent The 
effect could be obviated or minimized by neutrahzmg the nuicture of reagent 
and unne quickly after mixmg The wnters have confirmed the findmgs 
of Laug and Nash and believe they have succeeded m developmg two un- 
proved precipitation methods which overcome this difficulty In one 
Fej(SO«)s, Lloyd’s reagent, and BaCOj are used The other, m which 
Fej(SO<)j, Lloyd’s reagent, and PbCOs are employed, has been found far 
supenor to all previous methods m removmg the non-fermentable reducing 
matenals of unne In some cases no non-fermentable reduemg matenals 
have been found m filtrates prepared by the latter procedure 
Reagents — 

Feme sulfate ApproMinately 20 per cent Fej(S 04)3 by volume, pre- 
pared by dissolvmg 30 gm of Malhnckrodt’s analytical reagent Fe2(S04)3 "T 
water and dilutmg to 100 cc 

Banum carbonate Mallmckrodt’s techmcal, precipitated BaCUs 
Lead carbonate Malhnckrodt’s pure 
Lloyd’s reagent Product of Eh Lilly and Company 
Fei{SOi)t-Uoyd’s Reagent-BaCOs Method— 10 cc of unne are added to 
55 cc of water m a 500 cc Erlenmeyer flask 15 cc of the feme sulfate 
reagent are added and then 4 0 gm of Lloyd s reagent The n^toe ^ 
thoroughly shaken and allow'ed to stand for 3 to 4 nunut^ ° r . , 

(35 to 40 gm ) IS added m small portions wuth shakmg until most of the CUs 
has been evolved A rubber stopper is placed m the flas ^ is s a en 
vigorously The stopper is removed to permit the escape ® ^ 

IS repeated until no more pressure develops in the stoppere as le 

mixture should not redden blue htmus If it does, a small amoun o a s 

IS added and the shaking repeated The mixture is filtered on a smaU 
Buchner funnel undei hght suction, wnth a retentive paper of good ^de 
The filtrate is made acid to Congo red paper wath a drop or w o o i 
and filtered to remove BaSO^ A part of the filtrate is errnen wa 
w ashed yeast accordmg to Somogyi (3) Samples of fermen e an u e 
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lipid value, and tends to minimize the percentage change in the total lipid 
of the blood follomng fasting, m companson to the acetone soluble lipid 
These results are, however, m substantial agreement with the statement 
of Rony ((3) p 29), that there is regularly a slight increase in the neutral 
fat content of plasma after a 20 to 24 hour fast, usuallj not exceedmg 20 
per cent of the postabsorptive value But as the fast continues, no con 
sistent changes are found m the total lipid or m any of the lipid constituents 
Apparently in fasting the depleted tissues mav absorb mobilized fat from 
the blood at about the same rate as it pours into the blood from the depots 
The iodine numbers of the phospholipid and acetone soluble lipid (Table 
II) showed no statistically significant change from normal as a result of 
fasting "WTien the phospholipid fattj acids are computed as two thirds of 
the phosphohpid, the average iodine number for the phospholipid fraction 
(85) closelj approximates the value (124) reported bj Boyd (10) for the 
phosphohpid fatty acids of human blood plasma The degree of unsatura 
tion of the blood lipids (Table II) appears to support the conclusion of 
Hodge and his coworkers (4), that during fasting there is no preferential 
or selective utilization of the fattj acids but rather a non-specific burning 
of fat with an iodine numbei of approximateh 80 

suMMAna 

On fasting, 3 month-old, male, albino mice showed a statistically signifi 
cant increase m the acetone-soluble lipid and total lipid of the blood 
Changes observed in the blood phosphohpid level, liowe\er, appeared to 
depend on the prefasting level 

No significant changes from normal were found in the degree of unsatura 
tion of the phosphohpid and acetone-soluble lipid fractions These results 
support the conclusion that there is no preferential or selective utilization 
of fat during fasting 
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value for the iron reagent is aiound 1 6 pH Samples of unne were pre- 
cipitated by the iron method and after being mixed ivith the reagent 
vere allowed to stand 20 minutes before neutrahzation The fermentable 
reducing values neie the same as nere found on simultaneous controls 
neutrahzed immediately after addition of the iron reagent It -vsnll be 
obsen^ed that the iron precipitation is equal or supenor to the mercury 
method in removing non-fermentable reducmg matenals from unne 
Both methods of precipitation give similar results when applied to pure 
glucose solutions 

West, Lange, and Petereon (6) and Lang and Nash (1) observed no 
appreciable effect of hydrolysis upon the non-fermentable reducmg fraction 
of mercury filtrates of unne Fermentable reducmg \ alues veie defimtely 

Table II 

Effect of Hydrolyiis before and after Prectpitalion upon Reducing Substances of Urine, 
Fci(SOi)i Lloyd’s Reagent BaCOs Filtrates 


The values arc expressed as mg of glucose equivalent per 24 hour sample 


Subject 

Before hydrolysis 

Hydrolysis before pptn 

Hydrolj-sis after pptn 

Non fer 
xnentable 

Ferment 

able 

Non fer- 
mentable 

Ferment 

able 

Non fer 
menlable 

Fenoeat 

able 

M D 

251 

49 

312 

109 

333 

231 

MET 

255 

107 

319 

271 

S44 

299 

L F N 

325 

117 

405 

293 

483 

448 

E S W 

320 

131 

410 

286 1 

453 

333 

W F A* 

284 

70S 

348 

750 

380 

852 

MET 

342 

112 

456 

278 

511 

403 

Average 

296 

204 

375 

331 

417 

428 


* Mild diabetic 


mcreased This is m contrast to similar lesults obtained upon Fe.(SOi)3- 
Lloyd’s reagent-BaCOs filtrates m the present work When the iron 
filtrates were hydrolyzed xvith 1 n foi 3 hours m a boiling vater bath, 
neutrahzed with BaCOj (m the presence of a little feme sulfate to remov e 
HiS from the BaCOj), and analyzed in the usual way, a sharp mcrease 
m both non-fermentable and fermentable fractions nas observed It vas 
also found that hydrolysis of the uron filtrates gives higher values for 
both fractions than are found m iron filtrates prepared from hjdrolyzed 
unne This suggests that when unne is hjdiolyzed before precipitation 
some of the reducmg substances, both fermentable and non-fermentable, 
are destroyed by reaction with matenals which are removed bi iron 
precipitation These pomts are illustrated by the data of Table II A 
rather unexpected result was obtained upon a senes of unne samples 
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from a diabetic on a controlled diet The samples gave strong tests for 
acetone bodies The patient was receiving a diet of 35 gm of carbohy- 
drate, 65 gm of protein, and 220 gm of fat The fastmg blood sugar was 
about 190 mg per cent Tlie urme samples were hydrolyzed before 
precipitation with Fe 2 (S 04 ) 3 -Uo 3 'd’s reagent-BaCOs Table III shows 
the results obtamed on four 24 hour samples 

It will be noted that whereas normal unne samples imiformly showed 
marked mereases in fermentable sugar after hydrolysis (Table II) the urine 
from the diabetic gave essentially no mcrease It is realized that this 
experiment would have been more sigmficant had the filtrates of the 
urme samples been hjdiolyzed, but this could not be done as the expen 
ment was performed previous to the discovery of the effect of direct hy- 
drolysis of the unne It is unlikely that compensating errors m all samples 
gave the uniformity of results obtamed As to whether this phenomenon 


Table III 

Reducing Substances in Urine of Diabetic before and after Hydrolysis 


The values are expressed as mg of glucose equivalent per 24 hour sample 


Sample No 

Before hydrolysis ] 

After hydrolysis 

Non fermeoUbte I 

Fermentable 

Nod fermentable 

Fermentable 

1 


136 

319 

141 

2 


123 

364 

134 

3 

302 

321 

487 

298 

4 

304 

319 

415 

334 

Average 

295 

225 

396 

227 


is characteristic of the diabetic state or of the paiticular individual, we 
cannot state We believe the results are not related to the restneted 
dietary of the subject because unne on the 2nd daj of fasting from two 
normal individuals showed marked mereases m fermentable sugar after 
hydrolysis The non-fermentable reducing fraction of the diabetic unne 
increased after hydrolysis, as does that of normal urme The results seem 
to show that there may be precursors m diabetic urine which yield non- 
fermentable reduemg substances upon hydrolysis mthout givmg appreci 
able fermentable matenal, or, if the fermentable and non-fermenta e 
fractions arise from different precursors, the urine of the diabetic con 
tamed only the non-fermentable precursor The latter is possibly more 


reasonable . invd’s 

While the fermentable and non-fermentable values on Fe^fbUib" j 
reagent-BaCOj filtrates of unne are similar to those on acid HgSOi- a t 
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filtrates, the precipitating agents must remove different fractions The 
ineicun precipitation removes material from urme vhich appears in 
lion filtrates and causes increased non-fennentable reducing \alues after 
In drolvsis 

Comparison of Iron-Lloyd’s Reagent-BaCOs and Iron-Lloyd’s Reagenl- 
PbCOi Precipitation Methods Applied to Urine and Blood — 01 manj 
piecipitation combinations tried bj’' the writers, that of Fe2(S04)3, Lloj d’s 
leagent, and PbCOj has proved most efficient m removing non-fermentable 
reducing materials from urine AVith it all of these substances have 
been removed from a number of unnes and the amount greatlj’^ diminished 

Table IV 

Reducing Substances in Fe (SOOt Lloyd’s Reagent-BaCOa and Fe iSOi)i Lloyd’s 
Reagent PbCOt Filtrates of Urine 


The values are expressed as mg of glucose equivalent per 24 hour sample 


Subject 

Fei(S04)fL!oyd's reagent 
BaCO, 

FcitSOOi-Blc^d 5 reagent 

Ferraentable 

Non fee 
mentable 

FennentabU 

Non fer 
mentable 

H S 

118 i 

266 

wmm 


R F 1 

59 

318 

■es 


" diluted 1 1 

55 

220 

114 


K B 

! 0 

90 

1 0 

1 20 

“ fasting unne 

13 

28 

15 

0 

E W 

57 

377 

67 

243 

“ diluted 1 1 

63 

379 

67 

200 

“ “ 1 2*t 

370 

740 

387 

0 

M D » 

59 

159 

59 

0 

P H* 

93 

183 

85 

68 

E W , diluted 1 2* 

1 143 

192 

123 

0 


* Somogyi micro reagent used (5) 

t This sample not the same as the tn o samples from E W preceding 


m others In certam instances complete removal has been attained bj 
sufficient dilution of the urme before precipitation Table IV gives the 
reduemg substances of 24 hour urine samples as detemuned on Fe (SOdj- 
Lloyd’s reagent-BaCOj and Fe2(SOi)3-Lloyd’s reagent-PbCO^ filtrates 
The Fe2(S04)3'Lloyd’s reagent-BaCOa precipitation of urme jnelds 
filtrates which on the average contam somewhat less non-fermentable 
leducmg material than is found m acid HgSOi-BaCOs filtrates The data 
of Table IV show the Pe2(SOd3-Llo3'd’s reagent-PbCOj procedure to be 
much more efficient than either of these methods in remowng non-ferment- 
able reduemg materials All of these reagents are rather efficient m 
remoinng creatmine from dilute solutions such as urine 
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Filtiates of blood prepaied by the two iron methods give the same 
sugai values While the w ritere have not applied the Fe2(S04)3-Lloyd’s 
reagent-PbCOa procedure to tissue piecipitation for sugai determination, 
it should probably be supeiior to the mercury and other methods m com- 
mon use 

SUMMARI 

Two improved methods of precipitating unne are descnbed, based 
upon the use of FeafSOOs and Llo5'd’s reagent, followed by neutralization 
with BaCOs or PbCOs 

By use of the Fe2(S04)3-Lloyd’s reagent-PbCOj procedure most of the 
non-fermentable reducing substances of unne can be removed In some 
cases all of these matenals are precipitated 
Some further obsenmtions upon hjdroljzable constituents of unne 
have been made 
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THE ESTIMATION OF THE DICARBOXYLIC AillNO ACIDS IN 
PROTEIN HYDROLYSATES 

By R KEITH CANKW 

(From Ihc Department of Chemistry, New York University College of Medicine, New 
York, and the Marine Biological Laboratory, Koods Hole) 

(Received for publication, November 4, 1943) 

In a recent review (1), Vickery has included aspartic acid and glutamic 
acid in a group of mne ammo acids “for w hich anal 3 rtical methods of some 
accuracy e'ost ” In the discussion of the individual members of this group, 
however, Vickery acknowledges that ‘‘the two dicarboxjlic ammo acids 
have received far less attention than most of the others," and, m a final 
appraisal of the trustworthmess of available anal 3 'tical data on proteins, 
he IS prepared to concede onlj’^ that, “There are a few values for glutamic 
and aspartic acid w'orthy of senous consideration ” 

All recent estimations of the amounts of these two ammo acids yielded 
by protems have depended upon a prelunmary precipitation of their calcium 
or banum salts with alcohol accordmg to the ongmal method of Foreman 
From this precipitate, the glutamic acid has been separated and weighed 
as the hydrochlonde and the aspartic acid m the form of its copper salt 
The difficulties encountered m attammg quantitative results by these pro- 
cedures are well illustrated by the extensive work of Chibnall and his 
associates (2, 3) They have shown that the prelunmary alcohol precipita- 
tion IS mcomplete and that the precipitate contains important amounts of 
ammo acids other than those sought Their work illustrates the skilful, 
tedious, and reiterated alternation of precipitations and fractional ciystal- 
hzations which are necessary' to obtam results that appear to be quantita- 
ti\e It IS evident that a method for the prelimmarv separation of the 
acidic ammo acids which is, at once, more complete and more specific than 
IS the method of Foreman should sunphfv the subsequent isolation of pure 
products 

The present paper is devoted to an outlme of procedures which, we 
beheve, achieve this objective The essential steps are the adsorption of 
the acids from the hydrolysate of a protem by a basic resm, followed bv 
their elution from the resm wuth hydrochloric acid The solution obtamed 
contains no more than traces of ammo acids other than the dicarboxjhc 
acids From it, glutamic acid hj'drochlonde and copper aspartate mav be 
crystallized directly m pure form and more readily than from Foreman s 
fraction 

There have recently become available several mexpensue svnthetic 
resms w Inch act as efficient matenals for ion exchange One of these is a 
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poljamme, formaldehyde resm wluch is knoira as amberhte IR-4* Tlie 
properties of ion exchange of this and of related matenals ha^ e been studied 
and renewed bj hljers (4) The resm is an msoluble basic substance 
■nhich forms msoluble salts inth acids It is the latter iihich act as anion 
exchange materials m the usual sense of the term More versatile are the 
properties of the free base MTien added to an acid solution, it acquires a 
positn e charge bj combmation with protons and, m consequence, remo\ es 
an eqm\ alent of anions from solution If sufficient resm is used, the pH 
of the solution nses to the neighborhood of 7 The resm may then be 
washed free from ions not electrostaticallj retamed, and the bound acid 
may be recoi ered bj extractmg the washed resm with excess of some other 
acid If the bound anions are those of a weak acid, onlj a small excess of 
a stronger acid is required to effect the complete remoial of the weaker 
acid Fmallj, the resm max be recomerted to the free base by washing 
it with excess of dilute ammonia or sodium carbonate and then with watei - 

Considei a solution of protem xxhich has been hjdroljzed with excess 
of hydrochloric acid, diluted to a suitable xolume, and then treated with 
sufficient amberhte IR-4 to raise the pH to 6 or 7 The neutral ammo 
acids wnU be present almost entirely m the form of dipolar ions with zero 
net charge, the acidic ammo acids m the form of monoamons, and the am- 
moma and the basic ammo acids (except histidine) m the form of monoca- 
tions The histidme w ill be partially cationic and partially dipolar The 
chief anions present w dl, therefore, be those of the hy drochlonc acid and 
of the dicarboxyhc ammo acids ,•“ and it is these alone which should be 
adsorbed by the resm Let a, b, and c represent the equix alents of acidic 
ammo acids, bases (basic ammo acids + ammonia), and chlonde respec- 
twely m the ongmal hy drolysate Then, if a is the fraction of the total 
anions which is bound by the resm, and if eta and Oc are the fractions of the 
total dicarboxy he ammo acids and of chlonde respectix ely w Inch are bound 
electneal neutrality m the solution requires that^ 

G-hc — 6==* (g* 1“ c)a « acco 4" Ctxe 

* TVe are indebted to the Resinous Products and Chemical Company , Philadelphia, 
Pennsylvania, for supplies of this material 

’ When amberhte IR-4 is washed with dilute sodium hydroxide, it combines wit 
considerable amounts of sodium, presumably on phenolic groups Very exten'ive 
washing with water is required to remove this base 

’ Other anions, such as those of phosphoric, sulfunc, and acetic acid (from ace y 
hexosamines) and of such organic acids ns may hay e arisen from deamination proc 
esses, may also be present in small amounts varying with the composition o 
protein . ^ 

* It IS assumed that all of the bases present are in the form of monocations n 
case of a protein nch in histidine, xalues of ot, calculated from Equation 1, mig 
sigmficantly m error 
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and, therefore, 


a = 1 


b 

a + c 


( 1 ) 


That IS to say, the value of a is uniquely determined by the ratio of bases 
to acids The correspondmg values of Oa and can be amved at only by 
evperunent, smce they depend on the relative affinities of the dicarbo-qdate 
and chloride ions for the resm The simplest assumption that ve can 
make is that adsorption is determmed solely by electrostatic forces, i e , 
that a = ao = Oc In this case, it is evident that a substantially complete 
removal of the acidic ammo acids by a smgle treatment with resm can be 
anticipated only if (o) hydrochloric acid is present m very large excess 


Table I 

Calculated Values of a (Equation 1) 


Egg albumin* 
Edestm* 


No o! cycles 



a 

mu per gm protein 

1 72 

2 34 

c 

Re»n reqmred 

mu per gm 
protein 

«« 

50 

50 

60 

60 

10 

10 

20 

20 

30 

30 

11 

11 

21 

21 


mu Per gm proletn 

1 485 

2 54 



* Chibuall, Rees, and Wilbams (5) 


relative to the bases, or if (6) the greater part of the bases is removed 
from solution prior to treatment with the resm These alternatives mil 
form the basis of Methods I and III for the analysis of protems ivhich mil 
be described m detail below A third choice (Method II) remams 
In this, a hydrolysis mixture is employed for vhich the value of a is not 
very close to unity The treatment with resm is repeated a sufficient 
number of times to effect the final complete removal of the acidic ammo 
acids This repetition may be performed convenientlv by addmg hj dro- 
chloric acid to the neutral filtrate from the prevnous treatment mth resm 
and neutrahzmg agam by the addition of fresh resm 

In Table I we havm recorded the calculated v'alues of a for three hj’po- 
thetical hydrolysis mixtures of two representative protems Mixture I 













404 


AiHNO ACIDS IN PROTEIN HTDROLT S \TES 


corresponds with a typical hjdroljsate m iihich 50 mw of hydrochloric 
acid i\ere used per gm of protein Mixture II simulates the solution 
uhich would be obtained uere the free hjdrochloric acid in Mucture I 
remo\ed by repeated distillation tn vacuo Mixture III is such as uould 
result M ere 90 per cent of the bases removed from Mixture II bj means of 
phosphotungstic- acid The recorded \ alues of a are the cumulative values 
for the numbers of adsorption cj cles to v Inch they refer It is assumed 
that, in all cj cles after the first, 10 mM of hydrochlonc acid per gm of 
protem Mere used to acidifa the neutral solution from the previous C 3 cle 
The amount of resm required in a c\ cle is given bj'- w(a + c — b), Mhere w is 
the M eight of resm uhich wall bind 1 equivalent of acid at pH G In our 
expenence, the value of w for the moist resm is of the order of 1000 gm 
The M eights of resm gi\en m Table I have been calculated on this basis 

If Me assume that = ofc, then Me ma> conclude from Table I that a 
substantially quantitative remo\ al of the acidic ammo acids from Mixtures 
I and III should be effected m tMo adsorption cjcles In the case of Mix- 
ture II, three cycles should be emplojed As a matter of fact, a number 
of experiments on suitable mixtures of hydrochloric acid and ammo acids 
mdicated that amberlite IR-4 exhibits a small but definite selectne ad- 
sorption of Cl~ relative to the monoanions of glutamic and aspartic acids 
The differences betneen a and are, hoMever, too small to mvalidate the 
general conclusions draMTi above, proxnded care is taken to add sufficient 
resm to raise the pH of the solution to a level at Mhich the ionization of the 
dicarboxyhc acids is essentially complete, t e , above pH 6 

EXPERIMENTAL 

Preparation of Resin for Use — The resm, as received from the manufac- 
turers, may be freed from soluble materials and fine particles by repieated 
decantation with water It should then be washed successively Mith 
hberal amounts of 4 per cent hydrochloric acid, water, 4 per cent sodium 
caibonate, and Mater, and this c3cle of operations should be repeated 
several tunes We remov'e the loose Mater from the final matenal, Mhich 
IS m its basic form, by pressmg out on a Buchner funnel, and vve store it m 
the moist condition It is m ell to subject the resm to a further acid-alkah- 
M ater treatment immediate^ before use The punfied resm still liberates 
gas noticeably on treatment intli dilute hydrochloric acid and sheds a small 
amount of color The amount of nitrogen and of solids Mhich are dis- 
Eolv ed after several hours contact with 0 5 m h3 drocMoric acid is, hoM e\ er, 
quite neghgible In one test, vve found that Mhen 50 gm of resm Mere 
stirred Muth 0 5 m hydrochlonc acid for 5^ hours about 20 mg of solids, 
contammg 2 mg of mtrogen, were dissolved , 

Experiments vnth Solutions of Ammo Acids — Solutions of a number o 
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individual ammo acids m hydrochloric acid ^^ere stirred for 1 to 3 houm 
v ith sufficient resm to give a final pH of 6 to 7 Analj'ses of the filtrates 
shoved that the acidic ammo acids vere adsorbed completely, vhereas no 
significant adsorption of the neutral or basic ammo acids occurred The 
adsorbed aspartic or glutamic acids vere completely recovered when the 
V ashed resm was extracted vith a moderate excess of hydrochlonc acid 
A senes of imxtures of glutamic or aspartic acid m dilute hydrochloric 
acid was prepared, and varjong amounts of sodium chlonde, ammonium 
chlonde, or argmme monochloride were added to simulate the bases present 
m a protem hydrolysate These mixtures were neutralized wnth resm, 
the amounts of chlonde and of acidic ammo acids adsorbed were deter- 
mined by analyses of the filtrates, and the values of etc and were dern ed 


Table II 

Expenmenlal Values of «« in Mixtures of Glutamic Acid, Ammonia, and Hydrochloric 
Acid after Neutralization with Amberlite IR 4 


a = IBM of glutamic acid, 5 = mu of ammonia, and c = mu of hjdrochlonc acid 
per 1000 ml 


a 

b > 

1 

C 

(expeiiment) 

a (Eqtxaliou t) 

27 2 

5 1 

45 

0 88 

0 93 

27 2 

5 1 

31 


0 91 

27 2 

10 2 

45 


0 S6 

27 2 

10 2 

31 


0 82 

68 

42 7 

253 

0 80 

0 87 

68 

42 7 

148 

0 74 

0 82 

68 

42 7 1 

95 

0 69 

1 0 74 

68 

42 7 

69 

0 64 

0 69 

68 

42 7 

43 

0 57 

0 61 


and compared mth the calculated values of o: The results of a t}pical 
ex-penment are given m Table II 

Methods Used tn Determining Dicarboxylic Ammo Acids m Proteins 

Method I — ^The protem was hydrolyzed m 6 m hjdrochlonc acid (50 
mil per gm of protem) for 24 to 30 hours The hydroh sate w as diluted 
to about SO ml , the msoluble humm filtered off and w ashed, and the filtrate 
and washmgs were neutralized bj' stirrmg for 1 to 3 hours with the neces- 
sary amount of resm About 50 gm of moist resm w ere required per gm 
of protem Durmg the neutralization, more of the soluble humm pre- 
cipitated The solution was decanted frojn the resm and the latter was 
Washed repeatedly by decantation The solution and washmgs were fil- 
tered through paper to trap the humm The combmed filtrates were 
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ncidified inth h}'droclilonc acid (10 imi per gra of protein) and neutralized 
■with fresh resin This cj'cle nas, in general, repeated once more to give 
thiee adsorption treatments in all The hj’-drolj'sate became progressively 
diluted by the accumulation of naslungs In some cases, the tune allowed 
for adsorption was mcreased to compensate for this dilution, in others, the 
solution was concentrated zn vacuo between successive cycles 

The batches of resm w'ere extracted repeatedly w ith 0 25 lu hydrochlonc 
acid until the pH of the extract fell below 2 About 10 ml of acid were 
required pei gm of resm The extracts and washmgs were combmed, 
concentrated to about 20 ml ^n vacuo, and clarified with a very small 
amount of norit This solution of the hydroclilorides of the dicarboxjhc 
ammo acids w'as finally taken to dnmess and the residue preserved for 
anah sis 

Method II — The free hydioclilonc acid w as removed from the hydrol)'sate 
by repeated distillation to a syrup The sjTup was dissolved, filtered to 
remove the acid-msoluble humin, and neutralized with resm About 10 
gm were usuallj’’ required per gm of protein The filtrate and washmgs 
were reacidified and treated as in Method I, a total of tliree or four ad 
sorptions bemg conducted The washed resms were extracted exactly as 
described in Method I 

Method III — The hydroly'sate was diluted suitably (6) and 30 per cent 
phosphotungstic acid w as added m slight excess The solution was heated 
to about 90° to effect a partial solution of the phosphotimgstates, which 
were then allowed to crystallize overnight The precipitate was removed, 
without washmg, suspended m hot water con taming 1 per cent phospho- 
tungstic acid and 0 25 m hydrochloric acid, and agam allowed to crystallize 
o\ emight The precipitate was removed and washed m the usual manner 
These procedures were designed to mminuze danger of loss of dicarboxyhc 
ammo acids m the precipitate rather than to assure a quantitative pre- 
cipitation of the bases 

The combmed filtrates and washmgs from the phosphotungstates were 
concentrated to a small vmlume tn vacuo, the excess of phosphotungstic aci 
was removed by amyl alcohol and ether wnth the usual precautions, an 
the free hydrochloric acid was then removed by distillation to 
tn vacuo The residue w as dissolved and treated as described m Metho > 
two or three adsorption cycles bemg performed 

One advantage of Method III is that all humm is reniov ed by the p os 
photungstic acid prior to the treatment vv ith resm, and cleaner extrac ar 
obtamed We find that this advantage can be extended to the ot " 
methods m the follownng wav A solution of phosphotungstic 
added, drop by drop, to the hot diluted hydrolj sate until j* j 

of humm flocculates cleanly After coohng, this precipitate is fil ze 
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ashed ^nth water Very little humin and no significant amount of phos- 
photungstic acid remam m solution It has been our evpenence that less 
than 0 3 gm of phosphotungstic acid is required per gm of protem Under 
the conditions described, w e beliei e that there is little danger of loss of the 
basic ammo acids m the precipitate, because the phosphotungstates of 
these ammo acids are more soluble m the hot solution than is that 
of ammonia 


Results 

Large Scale Analysts of Crystalline Egg Albumin by Method III — ^The 
analjsis was made on 55 43 gm of dr 3 ash-free albumin, which had been 
prepared by the denaturation, with alcohol, of a thrice cr^stalhzed prepara- 
tion (7) of the protem Four successixe adsorptions w'ere employed The 
acid extracts of the third and fourth batches of resm contamed only 10 
and 2 mg of nitrogen respectn eh"^ This corresponded with less than 
1 per cent of the total dicarboxjdic amino acid nitrogen The first two 
batches of resm were extracted with hxdrochloric acid The extracts were 
taken to dryness and dissolved separately m strong hydrochloric acid 
Two crops of glutamic acid hj drochloride were removed from each extract 
at 0° The filtrates were evaporated to dryness m vacuo, dissolved m 
water, and treated wnth copper carbonate at the boiling pomt After the 
excess of the reagent was filteied off, two crops of copper aspartate were 
obtamed from each fraction Copper was removed from the filtrates, 
which were then combined and the origmal extracts from the third and 
fourth batches of resm were added From these "combined mother 
liquors” (Table III) two further crops of glutamic acid h 3 "drochloride w ere 
obtamed, followed by tw o small crops of copper aspartate After removal 
of copper once more, a further yield of 90 mg of glutamic acid hydro- 
chlonde was obtamed The final filtrate was evaporated to dr 3 ’ness, dis- 
solved m water, and analyzed for nitrogen, ammo nitrogen, a-carboxyl, 
and dicarboxylic ammo acids (9) The results are summarized m Table 
III, where the weights of the combined air-dned fractions are given Es- 
timations of the nitrogen and the acidity of the glutamic acid hydrochloride 
and of the nitrogen and copper of the copper aspartate (CiHjOiNCu 
4§HjO) agreed wnth the theoretical values In no case have we found it 
necessary to recrystalhze the products obtamed from the resm extracts 
In this experiment, hovvev’'er, we combined all the copper aspartate frac- 
tions, dissolved them m a minimum amount of hot dilute lydroclUonc 
acid, and then neutralized them with an equivalent of sodium hvdroxide 
We recovered 98 5 per cent of the original amount of copper aspartate 
The crops of glutamic acid h 3 drochloride were also combmed and 95 per 
cent was recovered on recr 3 stalhzation The filtrate was evaporated to 
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dryness, dissolved m hot v ater, and boiled with excess of freshly prepared 
copper hydroxide solution From the filtered solution there separated, 
over many dajs, a copper salt quite different in costalline form from 
copper aspartate The air-dried matenal gave analytical xalues for nitro- 
gen, ammo nitrogen, copper, and carboxyl which weie identical with tho'e 
of an authentic preparation of copper glutamate, and corresponded mfh 
CjHvOiNCu 2^HjO The total recox cry of glutamic acid as the hxdro- 

Table III 


Analysis of SB 4S Gm of Hgg Albumin (Dry Weight at 105°) by Method III 


Fraction 

Gtut&mic acid 

h> drochloride 

Copper asparUte 


cm 

mu 

mufer 

cm 

tm 

mu 

mufer 

[m 

Kesin I 

9 054 

49 

30 


8 

469 

EE 

72 


" 11 

0 565 

3 

OS 



213 


77 


Combined mother liquors 

1 132 

6 

17 



321 

1 

17 


Total isolated 

10 750 

5S 

55 


s 

993 

32 

66 

0 5S9 

Estimated in residues 


3 

36 




1 

04 

0 019 

Isolated -b residues 


61 

91 

1 117 



33 


0 60S 

Results of Calvery (8) 









0 456* 

“ “ Chibnall cl al (5) 




1 092 





0 611 


Analysis of Uncrystallized Residues 


(a) Total N = 7 00 mxi 

(d) Secondary COOH «= 4 40 mxi 

(6) Amino N = 4 05 mnt 

(c) Aspartic acid (c — 6) = 1 04 miu = 0 019mup«r 

(c) a COOH = 5 69 mM 

gm protein 


(f) Glutamic acid (d — e) = 3 36 m\i = 0 0<6 inii 


per gm protein 


* This figure corresponds w ith the figure given by Calverj for the aspartic acid 
content of egg albumin His calculation was made on the assumption that the 
copper aspartate uhieh he isolated contained THjO In a personal communication 
to the author. Dr Calvery states that the salt nas dried to constant weight inaic 
It 18 generally agreed that, under these conditions, the salt contains 41HiO When 
Dr Calvery’s results are recalculated on the latter basis, they correspond with 
0 536 mil of aspartic acid per gm of protein 

chloride and as the copper salt w as 99 0 pei cent of the amount submitted 
to recrystallization 

In Table III, our results are compared with the widely quoted 
of Calvery (8) and xvith the more recent ones of Chibnall cl a! (5) 
protem analyzed by us was prepared by the same method as that analyze 
by Chibnall It w ill be seen that our recox eries of the tw o acidic 
acids as crystallme salts definitely exceed those of Calx cry , but fall a ht e 
short of Chibnall ’s xmlues The latter are claimed to approach x cry c ose 
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to ma\imal values In our case the analyses of the uncrystalhzed residues 
indicated the piesence in them of small amounts of acidic ammo acids 
Indeed, they are consistent v ith the conclusion that the onlj ammo com- 
pounds present are dicarboxylic ammo acids, smce the ammo mtrogen is 
almost identical u ith the “secondary carboxyl ” The apparent absence 
of all but a trace of neutral ammo acids is good evidence for the remarkable 
selectivity of the resm There is a small discrepancy between the total 
nitrogen and the ammo nitrogen This may possiblj represent nitrogen 
dissolved from the lesm If, following Van Slyke et al (10), we take the 
difference between the values of a-carboxyl and of ammo mtrogen as a 
measure of the aspai tic acid, then the residues contamed 1 04 mM of aspartic 


Table IV 

Dicarboxylic Ammo Acids 


The results are given m mu per gm of protein 




GluUmic 

acid 

hvdro- 

chlondt 

1 Copper 
aspartate 

Mother 

liquors 

Total 

Egg albumin 

Method I (12 10 gm ) I 

0 978 

0 562 

0 ISO 

1 72 


“ II (10 48 “ ) 

0 941 

0 550 

0 197 

1 69 


Calvery (8) 

0 950 

0 456* 


1 49 


Chibnall el al (5) I 

1 092 

0 611 


1 70 

Lactoglobuhn 

Method I (9 575 gm ) ^ 

1 232 

0 711 

0 23 

2 17 


“ III (13 02 “ ) 

1 290 

0 718 

0 215 

2 22 


Chibnall el al (5) 

1 460 

0 743 


2 20 

Edeatin 

Method II (6 41 gm ) 

1 102 

0 892 

0 31 

2 30 


“ III (14 4 “ ) 

1 222 

0 885 


2 34 


Jones and Moeller (11) 

1 305 

0 766 

1 0 23 

2 07 


Chibnall el al (5) 

1 405 

0 90 


2 31 


* See the foot-note to Table III 


acid and 3 36 mw of glutamic acid Adding these quantities to the amounts 
of crystallme material isolated, we obtam totals which confirm the results 
of Chibnall with notable precision It must be conceded, however, that 
this treatment of the analytical results obtamed on the uncrystalhzed 
residues is subject to criticism to the extent to which non-araino acids, 
such as acetic acid, might be present in the hydrolysate These acids w ould 
be expected to appear m the residues and would be estimated as “secondarj 
carboxyl” groups 

Small Scale Analyses — We hav'^e apphed Methods I, II, and III to the 
analysis of egg albumm, /3-lactoglobulin, and edestm, using about 10 to 
15 gm of protein m each case The preparation of ^-lactoglobulm used 
was part of the batch of protein on which Chibnall’s recent analjsis was 
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conducted The edestin nas a crj'stalhne preparation The results are 
summarized m Table IV, where the method employed is mdicated It 
Yvill be seen that our recoveries of glutamic acid hydrochlonde and of copper 
aspartate were matenally lower than those obtamed bj Chibnall, though 
they are, perhaps, as good as could be expected from the small amounts 
of protem used In particular, the recovenes of aspartic acid are rather 
satisfactorj' We could probably ha\e improved the yields, somenhat, by 
a tedious crystallization of small additional crops from the mother hquors, 
but preferred to estimate the amount remammg m the latter by the method 
of Kibnck (9) When these estimates are added to the amounts of the two 
acids which vere actually isolated, the totals obtamed agree remarkably 
closely with the results of Chibnall 

SUMMARY 

1 The use of a basic resm, amberlite IR-4, for the separation of the di- 
carboxyhc ammo acids from protem hydrolj'sates has been mvestigated 
Conditions under uhich a quantitative separation of these acids may be 
obtamed are outlmed 

2 Estimations of the glutamic acid and aspartic acid m egg albumin, 
0-lactoglobulm, and edestm by the adsorption method are reported 
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In this laboratory, ne have, for some time, been mterested m comparmg 
the amphoteric properties of soluble protems with the amounts of acidic 
and basic ammo acids found m hydrolj'sates of these proteins Now, the 
numbers of acidic and basic groups m a native protem can be estimated 
with fair precision, and without undue labor, on small amounts of protem 
Rapid and fairlj' reliable methods of estimatmg the basic ammo acids m a 
few gm of protem are also available On the other hand, approved meth- 
ods for the estimation of the acidic ammo acids require the sacnfice of 
large amounts of protem Even so, thej"^ have not led to very consistent 
results m the hands of different analysts and, as the recent w ork of ClubnaU 
and his associates (1) has shown, are subject to senous sources of error 
Chibnall has now devised modified procedures which are claimed to be 
capable of givmg results w'hich are vnthin 1 to 2 per cent of the true values 
He concedes, however, that “the whole procedure, which requires several 
months to carry through to completion, is admittedly very laborious and 
demands analytical skill of a high order ” 

The procedures of Chibnall are based upon the prelunmary separation 
of the diearboxyhc ammo acids as calcium salts accordmg to the method of 
Foreman In a contemporary paper, Caiman (2) describes some new 
methods in which the acidic ammo acids are separated by adsorption on a 
basic resm and are then eluted with hydrochlonc acid The fraction ob- 
tamed is much purer than that of Foreman, and the labor involved m the 
subsequent isolation of crystalline products is matenally reduced Never- 
theless, much of the tedium of a long senes of fractional crj'stalhzations 
remains and a considerable amount of protem is required There is need 
for a rapid method of analysis w hich may be apphed to small amounts of 
protem, and which will be capable of givmg results m reasonable agreement 
with those of large scale analyses It is the purpose of this paper to de- 
scribe some simple procedures which we have found satisfactorj for this 
purpose The estimations may conv'eniently be made on less than 1 gm 
of protem 

Theoreiical — In any mixture of natural ammo acids the total moles of 
diearboxyhc ammo acids will be equal to the difference between the total 
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equivalents of carboxyl groups and the equivalents of a-carboxyl groups 
The total carboxyl groups should be capable of estimation either by the 
acetone titration of Lmderstrpm-Lang, or by a suitably deiised electro- 
metric titration For the estimation of the a-carboxjd groups, Re cannot 
make use of the excellent method of Van Sljke (3), which is based upon the 
reaction of ammo acids w ith nmhj drin, because of the anomalous behavior 
of aspartic acid wth this reagent If, howe%er, there is no sigmficant 
amount of lysme m the mixture, the a-carboxyl groups will be equal to the 
equivalents of nitiogen w'hich titrate m the presence of formaldehyde and 
may be estimated by this famibar procedure Altemativeh, the mtrous 
acid method of Van Sl 5 ’ke mav be used, proMded the prolmes, as well as 
lysme, are absent from the mixture 

Although the nmhydnn reaction may not be used m the estimation of 
the total dicarbox-j'lic ammo acids, the fact that ninhydrm reacts wuth both 
carboxyl groups of aspartic acid maj , ns Van Slj ke has suggested, be ev- 
ploited for the estimation of this ammo acid The relationships which wo 
have mdicated abo\ e ma> be summarized ns follow s Let g, a, and n repre- 
sent the moles of glutamic acid, of aspartic acid, and of non-acidic ammo 
acids respectncly in the mixture Then, 

(I) Total COOH groups = 7g + 2a + n 

(II) Ninhj dnn reactive groups •= g + 2a + n 

(III) Formaldehj dc reactive X atoms •= g + a + n 

It IS evident that the combmation of observations (I), (11), and (HI) 
permits the estimation of the indmdual as well as the total dicarbovyhc 
acids 

The chief souices of error winch are likely to be encountered m the 
scheme which has been outlmed are the presence of lysine, ammonia, or 
non-nitrogenous acids m the material analyzed The latter might include 
phosphoric acid and such organic acids as might arise from deammation 
of aimno acids or from the decomposition of carbohydrate durmg the ) 
drolysis of the protein Such acids w ould raise the value of observation ( I 
and would, consequentlj’’, be estimated as glutamic acid The bases, on 
the other hand, w ould lead to low values for aspartic acid, since thej^ w ou 
elevate observation (III) The crude ammo acid mixtures on whici wo 
have tested the scheme are (a) the barium salts precipitated from 
hydrolysate by a large excess of alcoliol and (6) the amino acids , 
by amberhte IE.-4 and subsequentl 3 eluted by hydrochloric aci as 
senbed by Cannan (2) It is to be expected that small amounts 
foreign acids and bases mentioned may find their way into the precipi 
of the banum salts The fraction obtained by ion p]e 

other hand, should certamly contam no bases, but wall mclude a s 
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acids ^^blch are present m the hydrolysate In the fractions of the simple 
crj'stallme proteins which we have anaij'zed by the latter method, w^e have 
found no evidence of the presence of significant amounts of foreign acids, but 
this source of error should be controlled when the analysis of proteins nch 
m phosphate or carbohydrate is undertaken It may be worthy of note 
that any pyrrohdonecarbovyhc acid in the mixture analyzed will be esti- 
mated as glutamic acid because it will 3 ueld 1 equivalent m observation (I) 
and none m (II) and (III) 

Apart from the specific sources of error which have been mentioned, 
the weakness of the scheme is that the results emerge as differences between 
pairs of measurements of the same order of magnitude They are subject 
to the magmfication of errors mherent m such deductions In mixtures 
contammg a high proportion of non-acidic ammo acids, this source of error 
is further magnified On this ground, the fractions obtamed by ion ad- 
sorption are to be preferred to those prepared by the method of Foreman 

EXPERIMENTAL 

For the estimation of the total carboxyl groups, we have preferred an 
electrometnc titration m water to the cohnraetnc titration m acetone 
and have found it convement to combine the former with an electrometric 
formol titration in a smgle contmuous procedure A volume of solution 
contammg about 1 miu of acidic ammo acids is acidified to a pH close to 2, 
and sufficient potassium chloride is added to give an ionic strength of 
about 0 3 when the solution is diluted to 25 ml This solution is then 
titrated with 0 25 m sodium hj’^droxide to pH 7 with serial deternunations 
of pH at the glass electrode Sufficient neutral formaldehyde^ solution is 
added, at this point, to give a concentration of about 8 per cent, and the 
electrometnc titration is contmued to pH 9 5 Durmg this stage of the 
titration, it is sufficient to record the readmgs of pH which fall between 
8 5 and 9 5 A control titration of the same concentration of fornmldeh> de 
m 0 3 M potassium chlonde is made and applied as a correction to the mam 
titration to yield the eqmvalents of formaldeh 3 ’’de-reactive nitrogen 

The titration in water from pH 2 to 7 is corrected for free H"*" and is then 
plotted as Curve A For this correction, we use the relation, — logfR+J = 
pH — 0 12, which we denved experimentall 3 ’' from observations of the pH 
of dilute solutions of h 3 ’'drochlonc acid m 0 3 m potassium chloride 

Curve A IS a composite of the contnbution of the a-carboxjd groups of 
all the ammo acids present and that of the secondary'' carboxyl groups 
peculiar to the dicarboxyhc acids The formaldehyde titration is a meas- 
ure of the number of equivalents of a-carboxj'l groups The contnbution 

* Neutral formaldehj de may eonvenientlj be prepared bj treating tbe commercial 
solution with the basic form of araberlite lR-4 
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of the latter to Cuii e A may be simulated by the curve (Curve B) for this 
number of equivalents of an acid of pK 22- Subtraction of Cun e B from 
Curve A yields a cune (Cun'e C) which should closelv reproduce the 
theoretical cune for the secondary carboKjl groups Its span should 
correspond with the moles of dicarboxv he acids present This cune 
should be essentially sjunmetncal about a mid-pomt whose value mil 
depend upon the proportions of aspartic acid (pK- = 3 9) and glutamic 
acid (pKj = 4 3) present, but ma} be expected to be close to 4 1 4n 
estimation is not acceptable unless Cun e C satisfies these entena of s)™- 



metiy and position An example of a set of experimental curves is given 

m Fig 1 T rr 

The protems which we have analyzed are listed m Tables 1 ana 
The egg albumm, edestm, and ^-lactoglobuhn were samples of the actua 
preparations analyzed by Caiman (2) The duck albumm was a cryste me 
product prepared by fractional saltmg-out with sodium sulfate H “ 
quite distmctly from hen’s egg albumm in amphotenc properties an m 
electrophoretic mobihty All proteins w ere hydrolyzed with hydroc one 
acid, the excess bemg subsequently removed by distillation vacuo 
the residue was dissolved m water "WTien these solutions were ra^ 
tionated by ion adsorption, we follow ed one or another of the three me o 

* This IB the mean value, at fi = 0 3, of pK of glutamic acid and aspartic s 
The majonty of the ammo acids has values not far removed from this 
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outlined by Cannan The hydrochloric acid eluates from the resm uere 
evaporated in vacuo to a residue which dissolved m water to give a solution 
with a pH shghtly below 2 Part was reserved for the detemunation of 
carboxyl groups by the ninhydnn method and the remainder, after addi- 
tion of potassium chloride, was titrated as descnbed above 

Tabi<e 1 

Analyses of Fractions Separated from Hydrolysates of Proteins hy Adsorption on 

Amberlite III It 


Method in of Cannan, Three Adsorption Cycles 



M eq per gm prolem 

jnu per gm protem 

Total N 

Formol N 

Nmhy 

dxin reactive 
COOH 

Dicarbory 
lie acids 1 
■» m eq , 
secondary i 
COOH 1 

Aspartic 

acid 

Glutamic 

acid 

Egg albumin 

1 80 

1 77 

2 35 

1 75 

0 58 

1 17 


1 80 

1 75 

2 35 

1 70 

0 60 

1 10 

1 

Isolation methods (4) i 

1 70 

0 61 

1 09 

P-Lactoglobulin I 

2 32 

1 2 20 

1 2 95 

2 20 

0 75 

1 45 


2 30 1 

2 24 1 

' 2 98 1 

2 20 

0 76 1 

I 44 


' Isolation methods (4) 

2 20 

0 74 

1 46 

Edeatin 

2 35 

2 35 

3 22 

2 26 

0 87 

1 39 


2 45 

2 36 

3 17 

2 30 

0 81 

1 49 


1 Isolation methods (4) 

2 31 

0 90 

1 41 


Egg Albumin, Comparison of Three Methods of Cannan 


1 

Method No 

mu dicarboxyUc acids per gm protein 

Icjcle 1 

2c>cle5 

3 cycles 

I 

1 55 

1 70 



1 64 



II 

1 25 

1 53 

1 62 


1 34 

1 58 

1 65 


1 24 



III 

1 53 

1 75 



1 64 

1 7C 



1 61 


1 


1 60 




For the preparation of the modified Foreman fraction, excess of barium 
hydroxide’ was added to a solution of the ammo acid hydrochlondes m 
water Humm was removed and washed, and the solution was concen- 

* Calcium hydroxide, as used by Foreman, is undoubtedly a more selective precip- 
itant (5), but barium hydroxide probablj gives more complete precipitation of the 
dicarboxylic amino acids Since our scheme of anal> sis mahes due allowance for 
impurities, we used barium hydroxide with the object of attaining high jnclds at the 
expense of a low er degree of puntj 
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trated m vacuo to about 20 ml per gm of protem 8 volumes of alcohol 
were added, and the precipitate was removed m the centrifuge after the 
mixture had remained overnight The precipitate uas washed ivith alcohol 
and partially dried tn vacuo to remove most of the alcohol It was then 
dissolved m water, acidified to pH 2 with hydrochlonc acid, potassium 
chlonde was added, and the titration was conducted as described 
At the time that the analyses of this modified Foreman fraction were 
earned out, the improved nmhydrm procedure had not been published 
We accordmglj sought to supplement observations (I) and (III) by an 
estimation of glutamic acid from the decrease m ammo nitrogen when this 


Table II 

Analyses of FTactions Separated from Hydrolysates of Proteins As Alcohol InsoUhle 

Banum Sails 



Fonnol N 

T)icarbot>lic 
acids ■» m cq sec 
ondary COOK 

Glutamic acid (by 
conversion to 
pyrrolidonccsrboty 
he acid) 


m (q per tm 

nupnim protein 

mu per in prolm 

Egg albumin (hen) 

2 so 

1 71 

0 87 


2 82 

1 71 

0 86 

“ “ (duck) 

2 74 

1 53 

0 85 


2 93 

1 51 

0 81 

^-Lactoglobuhn 

3 17 

1 91 

1 17 


3 20 

1 91 

1 22 

Edestin 

3 44 

2 04 

1 OS 


3 50 

2 06 

1 16 


3 64 

2 OS 

1 13 

Gliadm 

4 30 

3 34 

3 05 


4 22 

3 24 

3 01 


4 28 

3 19 

2 87 


Isolation methods (5) 

3 30 

3 19 


acid IS converted to pyrrolidonecarboxylic acid Wilson and Cannan (6) 
have studied the equihbna in this reaction and have suggested that e 
most favorable conditions for exploiting the reaction analytically 
to adjust the solution of glutamic acid to about pH 4 and to heat at 1 
for 6 hours bnder these conditions, they found that the reaction pro- 
ceeded to an equilibiium correspondmg with 92 per cent anhydnde 
tion Their obser\ations ivere made m solutions of low lomc stKOg 
In solutions containing 0 3 m potassium chloride, we find an equi i 
of 85 per cent anhvdride formation under the above conditions We 
employed the latter figure m the calculation of the results given mac 

Results 

In Tables I and II are recorded the results of applymg the 
which have been described to the hj'drolysates of several proteins 
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analysis corresponds TOth a fraction independently separated from the 
hydrolysate of the protein to which it refers The results given m the 
upper part of Table I were obtamed by following the scheme outhned m 
the introduction to this paper The fractions submitted to the scheme were 
obtained by adsorption on amberhte IR-4, according to the procedure 
designated as Method III by Cannan 

The substantial identity of the values for total nitrogen, formol nitrogen, 
and secondary carbox-j 1 groups m all anatyses is coninncing evidence that 
the fractions obtamed bj^ adsorption on the lesm w'ere relatively pure mix- 
tures of the dicarbov 3 hc ammo acids Moreover, the estimates of the 
amounts of aspartic acid and glutamic acid m the three proteins examined 
are m such excellent agreement wnth the standard analj ses of Chibnall as 
to establish the essential tmstw'orthmess of our scheme of analysis 

In the lower part of Table I, a number of analyses of egg albumm b 3 ' 
the three different methods of Cannan are compared Cannan has 
considered the numbers of successu e adsorption cycles which should theo- 
retically be lequired to secure a quantitatne remoial of the acidic ammo 
acids m the three different methods In our analyses, the numbers of 
cycles were vaned to test the soundness of these deductions m practice 
The results coilfirm the essential xahdity of the latter They mdicite 
that two adsorption ejrcles suffice to give quantitative results by either 
Method I or Method III Method II, on the other hand, is much less 
efficient and we do not recommend its use There is httle to choose m 
respect to convenience betw een the tw o satisfactorv' methods In Method I 
larger amounts of lesm are used, which consequently lead to the accumu- 
lation of largei volumes of washing fluids and eluates which must subse- 
quently be concentrated by distillation in vacuo In Method III economy 
m resm is effected by first removmg the bases as phosphotungstates This 
mvolves the subsequent removal of excess of phosphotungstic acid from 
the solution On the basis of experience, we are mclmed to prefer Method 
III for routme use 

The analyses recorded m Table II were performed on solutions of the 
crude alcohol-msoluble barium salts Thej' comprised a titration of the 
total dicarboxjdic acids supplemented by an estimate of the glutamic acid 
based upon the extent of anhydride formation after 6 hours at 120° and at 
pH 4 Although the results on each protein are quite reproducible, they 
are not m consistent agreement with standard analj^ses 

In the case of gliadm, our analj'ses may be compared wuth the results of 
Chibnall and his associates (5) -V more exactmg test of the reliabiiilx 
of the procedures used bv us is pronded bj' a companson of our result^ on 
the three well defined crj^stalline proteins Oui recox enes of total dicar- 
boxxhc acids agree remarkabl 3 well with those of Chibnall ci a! (4) m 
the case of egg albumin, but are about 12 pei cent low m both edestin and 
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/S-lactoglobulm The validity of the actual titration procedure has non 
been estabhshed bj^ its successful apphcation to the fractions ohtamed bv 
the adsorption method It is probable, therefore, that the irregulantj 
of our results ivith the modified Foreman procedure mdicates that a single 
precipitation of the banum salts cannot be rehed on to effect a complete 
separation of the dicarboxyhc acids 

Our estimates of the amounts of glutamic acid by conversion to pyr- 
rolidonecarboxylic acid are even less satisfactory In the three crystalline 
proteins they account for only about 80 per cent of the amounts isolated 
bj Chibnall ct al Thus, a considerable discrepancy remams even after 
allowance is made for a loss of 12 per cent in the precipitation of the barium 
salts The explanation for the discrepancy has not been found Until it 
shall have been explamed or elunmated, ive cannot recommend the con- 
\ ersion to the anhydnde as a means for the estimation of glutamic acid m 
mixtures of amino acids Although we have not apphed the nmhidrm 
reaction to solutions of the crude barium salts, ve have no reason to doubt 
that it v ould pro\ ide a satisfactory estimate of the aspartic acid present 
and so pro\ ide an alternative to the estimation of glutamic acid as the 
anhydride 


SUMMAE1 

1 A method is described for the estimation of the dicarboxyhc ammo 
acids m small amounts of protem The method comprises an electrometnc 
titration m ivater and m formaldehyde solutions supplemented by a gaso- 
metric nmhjdnn estimation 

2 The results of apply mg these procedures to fractions separated from 
protem hi droh sates by adsorption on amberhte IR-4 hai e been uniformh 
satisfactory Less satisfactory results v\ ere obtamed when the estunations 
•were made on solutions of the crude barium salts precipitated from the 
hy drolvsates b\ excess of alcohol 

3 The estimation of glutamic acid in ammo acid mixture by conieixion 
to pyrrohdonecarboxydic acid has been attempted The results have been 
unsatisfactory 
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Some time ago Waksman, Homing, and Spencer (1) reported the isolation 
of a new antibiotic agent, furmgacm, from culture filtrates of Aspergillus 
fumtgatus The authors recorded the meltmg pomt (185-187°) and mtro- 
gen content (3 7 per cent) of their crystalhne product, but othennse con- 
fined themselves to a description of its biological properties In a study 
aimmg at a more complete chemical charactenzation of this compound v e 
abandoned the charcoal adsoiption process of Waksman et al m favor of 
direct extraction of the acidified filtrate mth ether or other immiscible 
solvents It soon became apparent that two antibiotically active entities 
M ere present m these extracts (1) a neutral, nitrogen- and sulfur-containmg 
compound meltmg at 195° which iias identified as gho toxin, previously 
isolated by Weindlmg and Emerson (2) from culture filtrates of Ghocladium 
fimbnalum, (2) a weakly acidic substance meltmg at 220° which is free of 
nitrogen and sulfur, and unquestionably represents the fumigacm of Waks- 
man m pure form 

Fumigacm is levorotatoiy (Wd == —132°) Its ultraviolet spectrum 
exhibits no maximum but merely strong end-absorption Marked and so 
far unexplamed mconsistencies m the molecular weight determmations by 
the Rast procedure and titrations for equivalent w eight made it precarious 
to assign a defimte empirical formula to the compound Nor could this 
uncertamty be entirely resolved by the preparation of derivatives, although 
the data given by the latter narrow'ed the range for the molecular size 
Funugacm readily yields a methyl ester with diazomethane The analjdi- 
cal figures for this ester, especially its repeatedlj determmed methoxyl 
content, indicated the composition CjoILo-uOv, consequently fumigacm 
Itself would be C29H38-40O7, which is compatible with its carbon and hj dro- 
gen content However, analyses of a crystallme siher salt were m close 
agreement with the theoretical values for CrlLjOsAg Other metal salts 
could not be obtamed in pure condition Various other deruatives were 
prepared for the purpose of characterizmg the remammg ow gen atoms, but 
here agam the analytical lesults were too ambiguous to permit a choice 
between the tw'o formulae now' considered most likelj on the basis of the 
ev idence given above We ascribe these difficulties to the fact that the 
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solubility properties of these denvatives are so similar to those of fumigacm 
that, at least m some cases, contammation inth the latter may ha\e oc- 
curred Much as a repetition of these experiments seems desirable, i\e are 
compelled to present our findings as they non stand because mth the 
exhaustion of our supply of fumigacm this studj had to be discontinued 
for the sake of more pressmg matters 

Smce fumigacm has no phenolic or enohc properties, 2 oxygen atoms 
must be present m the form of a carboxyl group Its antibiotic actn ity is 
quickly abolished when it is dissolved m caustic alkali This change is 
accompamed bj a rapid rise of the lex orotation and results, under suitable 
conditions, m the precipitation of a crystallme sodium salt Back titration 
showed that a second acidic group, presumablj formed bj' the openmg of 
a lactone rmg, had been liberated, but the correspondmg free acid could not 
be obtamed in crystalline form Acetjl determmations on fumigacm, 
though quantitatix ely unsatisfactorj’', gax e ex idence for the presence of 
one such group On the other hand, the presence of a free, readily estenfi 
able hydroxyl group must be considered doubtful Attempts to acefxiate 
the compound x\ ith acetic anhj dnde and pj ndine under a vanety of condi 
tions, or xxnth boiling acetic anhj’dnde alone, led to mixtures of xanable 
composition which resembled the starting matenal in respect to solubihty 
and melting point lange Treatment xxuth benzojl chlonde or p-nitro- 
benzoj 1 chlonde in pymdme failed to x leld crj stalhzable products Jlore 
satisfactory' results weie obtamed xxith carbonxl reagents Though the 
reactions with phenj'lhj drazine and its nitro denvatives were negative, we 
could secure an oxime and a semicarbazone, both in crj'stallme form The 
nitrogen content of these denx atix es, though it did not correlate too closelj' 
xvnth the two formulae under consideration, at least assured the presence 
of one carbonyl group m the molecule That this group must be ketonic 
m nature follow s from the positive Zimmermann test and the absence oi 
aldehydic properties 

Fumigacm reacts rapidly with bromme and with permanganate either 
in sodium carbonate or acetone solution How ever, no hydrogen upta e 
XX as observed in the presence of a platinum catalyst, and starting matena 
w as recovered from the reaction crystalline bromme deriv'atix e (m p 
178°) was obtained by' reaction wuth approximatelv 2 atoms of bromme 
m chloroform, but the analytical data (C 57 93, H 6 53, Br 16 36) cou no 
be reconciled wuth either of the txx o formulae considered abox'e 

After completion of this woik a paper by Cham, Florey', Jennmgs, an 
Williams (3) came to our attention, m xvhich these authors desen e le 
isolation from culture filtrates of Aspergilbis fumtgalus of an anti lo i 
substance, designated by' them helxolic acid The properties an co 
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position of this compound and of its methyl ester leave httle doubt that it 
IS identical inth the fumigacin described here The only serious pomt of 
divergence is the specific rotation, vvhich is given as —49 4°, while our v'alue 
in the same solvent is —132“ Since our figure has been repeatedlv 
checked, w'e are mclined to ascribe the discrepancy to a factual or clencal 
error on the part of the British authors The formula assigned to helvolic 
acid on the basis of titration and crystallographic \-ray data is 
w Inch IS in agreement W’lth the analysis of our silver salt How ev er, it 
should be noted that their figure for the East molecular weight (510) fits 
much better with the Cjg formula which is favored bv most of our owm 
evudence No mention is made by the British authors of the occurrence of 
a sulfur-containmg entity 

The antibacterial potency of fumigacm per mg is considerablj less than 
that of other antibiotic substances such as penicillm, gramicidm, tyrocidm, 
and ghotoMn, but it is of the same order as that of aspergillic acid 
^Vl^ereas the latter compound acts on Gram-negative as well as Gram- 
positiv'e bacteria, fumigacm is effective primanlv agamst Gram-positive 
bacteria 

The toxicity of pure fumigacm was found to be considerablj less than 
reported by Waksman et al This difference may be due to the presence 
m their preparation of small amounts of ghoto\m, a substance vvhich is 
considerably more toxic than fumigacm To judge from the antibactenal 
efficacy tn mlro, subtoxic doses of fumigacm should be capable of mhibitmg 
the growdh of sensitive pathogenic bacteria such as Streptococcus haemolytic 
CHS or Staphylococcus aureus also in mvo Smee peptones, serum, or whole 
blood does not mterfere seriously with its bacteriostatic action in vitro, the 
prerequisites for emplojung funugacm as an effective therapeutic agent 
exist Results obtamed in* protection experiments gave some slight 
promise m this respect By usmg amounts close to the maximal tolerable 
dose and by proper tiramg of the treatment, protection was afforded to 
about 50 per cent of mice infected with SUeptococcus hacmolyticus All the 
above observations on the biological properties of fumigacm are sub- 
stantially m agreement vvath those of Cham et al on helvolic acid, thus 
stiengthenmg the chemical evndence for the identitj of the two compounds 

Our yields of the pure compounds as well as specific inactivation of the 
gliotoxin moietj m the culture filtrate bj chemical means indicated that 
this substance, and not fumigacm, accounts for most of the antibiotic 
activnty produced by the mold m Czapek-Dox medium An mquirv into 
the composition of the crvstals jnelded bj the method of AVaksman there- 
fore seemed m order Through the kind cooperation of Dr Waksman we 
had an opportunitj to examine his own crvstalline matenal as well as the 
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active, crystallizable fraction prepared from charcoal adsorbates which he 
furnished to us ^ Pure fuimgacm could be readily isolated from these 
matenals, and although w'e were unable to secure the ghotoxm moiety m 
crystaUme form, the evidence presented m the experimental part leaves 
httle doubt that substantial amounts of the latter compound were hkeinse 
present Apparently the charcoal procedure yields m the active fraction, 
besides the two active constituents, some contammatmg substances, most 
likely decomposition products of ghotoxm, which impede the crystallization 
of the latter compound It should be mentioned that the same difiSculty 
was encountered also m our own procedure of isolation when brown sugar 
was substituted for glucose m the culture medium, although this measure 
about doubled the yield of crystallme fumigacm 


Aspergillus fumigahts is by no means unique among molds m its capacity 
to produce two compounds entirely unrelated chemically, both possessing 
strong antibiotic activity In the few' instances thoroughly mvestigated 
generally one of the antibiotic factors greatly preponderated over the other, 
dependmg on the culture medium and the conditions of growth Thus 
Aspergillus jlavus when grow'n on the surface of a tryptone medium ivill 
produce large amounts of aspergilhc acid (4), but very httle of the penicilhn- 
Idce substance w hich it forms m submerged culture (5), while the opposite 
IS true when a modified Czapek-Do\ medium wnth certam adjuvant sub- 
stances IS used for submerged cultivation With A fumigaius, on the 
other hand, we have not been able to dissociate to any great extent the 
metabolic processes leadmg to the production of ghotoxm, on the one hand, 
and of fumigacm, on the other, except bv the obvious means of greatly 
reducmg the morganic sulfur content of the medium Though very little 
ghotoxm IS produced m such a medium, the formation of fumigacm is not 
measurably impaired It must therefore be concluded that the two proc- 
esses represent entirely mdependent metabolic pathways and are m no 


stage coupled w'lth each other On the other hand, if the mold is grown 
m submerged instead of m surface culture, the proportion m which the 
two compounds are produced is not appreciably altered, but the yields of 
both are shghtly higher This is m marked contrast to the behavior of 4 
flavus mentioned above Some change m the ratio does occur, however, 
when the glucose m the Czapek-Dox medium used for surface cultivation 
IS replaced by brown sugar The yield of fumigacm is approximatey 
doubled, while ghotoxm production is decreased, as mentioned before, t e 
neutral fraction was m this case contammated w’lth by-products whic 
prevented the crystallization of ghotoxm However, the latter difficu y 


* We wish to express our sincere thanks to Dr Waksman for his interest and IwlpM 
advice and for the material assistance rendered by furnishing the culture o sp 


gtUus fumtgatus and the chemical preparations mentioned 
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was not encountered when the mold was grown by submerged cultivation 
m the brown sugar-con taming medium devised for this purpose 

EXPERIMENTAL 

Microhiologtcal (J C Hoogerheide) 

Production and Activity of Mold Filtrates — In the routme production of 
the mold filtrate for chemical studies, Aspergillus fumigalus (Stram 1784*) 
was grown at 24° m 1 gallon flmt bottles each contaming 1 hter of ordinary 
Czapek-Do\ medium made up with tap water Optimal activity was 
usually reached between the 6th and 8th day of mcubation, when the 
filtrate w as harvested and extracted with the shortest possible delay The 
pH attamed at this pomt w'as usually around 6 0 
The filtrate activity was measured by the usual serial dilution technique 
with Staphylococcus aureus as the test organism As a rule, the lunitmg 
dilution just causmg inhibition of bactenal growth was 1 500 when the 
medium was made up with distilled water, 1 250 when tap water was used 
A more detailed study of the factors govermng the production of the tw o 
active agents is m progress However, a few facts are sufBcientlj estab- 
lished to warrant mention here Traces of heavy metals appear to play 
an important r61e For mstance, addition of 1 mg of zmc sulfate pei hter 
of medium ivill entirely suppress the production of antibiotic substances 
without impamng the growrth of the mold Instead, a dark red pigment, 
possibly the p-benzoqumone denvative funugatm of Oxford and Raistnck 
(6), IS formed The lower activity resulting from the use of tap ivater 
mstead of distilled water m the medium may likewise be ascnbed to the 
presence of small amounts of mhibitmg metals This effect w as discoi ered 
only after the isolation work had been completed, so that the jaelds given 
m the chenucal part should not be considered as optimal 

The results described m the followmg were for the most part obtamed m 
small scale experiments m w^hich tap water was used m the medium Gen- 
erally only the total activity of the filtrate was measured, but a few pre- 
limmary results obtamed later by means of a test which permits differen- 
tiation between the gliotoxm and funugacm moieties are mcluded The 
differential method is based on the fact that ghotoxm, which contains a 
disulfide Imkage extremely labile to alkali,^ is completely mactiiated bj 
heatmg at 100° for 5 mmutes m 1 per cent sodium bicarbonate solution 
Funugacm, though it hkewase loses its actinty bj similar treatment with 

* We are indebted to Dr J D Dutcher of the Division of Organic Chemistrj for 
advance information concerning the chenucal properties and structure of ghotoxm, 
and for supplying the reference specimen denied from Ghocladium firnbriatum A, 
detailed account of Dr Dutcher’s work on the constitution of this compound will be 
published soon from Cornell University 
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sodium carbonate, or in the course of several hours when dissolved in cold 
caustic alkali, is virtually unaffected by sodium bicarbonate under these 
conditions Assays of filtrate samples before and after such treatment m 
conjunction with the knoivn ratio of the activities of the pure compounds 
against Staphylococcus aureus (fumigacm = 1, gliotovm = 6) thus give a 
rough measure of the ratio m which both active components are present 
in the filtrate 

In unmodified Czapek-Dox medium more than 90 per cent of the total 
actn itj was found to be due to gliotoxm On the w’eight for weight basis, 
therefore, both compounds should be present in approximately equal pro- 
portions (The yields by actual isolation did not reflect this ratio, m fact 
usuallj' about 5 times more crude gliotoxm than fumigacm were obtamed 
However, not too much significance should be ascribed to this discrepancy, 
as the loss of total activity m the extraction and isolation procedure i\as 
considerable ) Continued incubation beyond 1 w eek caused a considerable 
drop m total activity, w Inch was found to be entirelj due to a gradual de- 
struction of gliotoxm, the fumigacm content i emainmg virtually unchanged 

The substitution of brow n sugar for glucose m the medium decreases the 
maximum total activity attainable This is caused by diminished pro- 
duction of ghotoxin, which is only parti}’- compensated for by mci eased 
formation of fumigacm The latter observation is borne out bj the 
markedly greater yield of this compound from such filtrates by chemical 
isolation This effect of brown sugar may be connected -with the fact that 
the pH IS considerably higher, about 7 0, at the time w'hen the maximum 
titer IS reached Variation in the carbohydrate (glucose or brown sugar) 
concentration in the medium between 0 5 and 9 per cent had no appreciable 
influence on the final titer Sucrose is about equualent to glucose, but 
substitution of the latter by lactose, starch, glycerol, mannitol, sodium 
lactate, and sodium acetate abolished the ability of the mold to produce 
antibiotic activitj , and very low titers only w ere obtained with maltose, 
inulin, sahcin, and calcium gluconate, though the mold grew abundantly 
on most of these media Addition of peptone to the regular glucose- 
contammg medium hkew ise caused a marked drop in activity 

When the mold was deprived of its principal source of sulfur by substitut- 
ing in the medium magnesium chlonde for magnesium sulfate, the pioauc- 
tion of fumigacm w as normal (as also shown by isolation) but, as was to e 
expected, lery little gliotoxm was formed 

Marked antibiotic activity is produced when the mold is grown in su 
merged culture, either m an Erlenmeyer flask shaken on a machine or m a 
tank provided wath stirring and aeration devices The medium mos 
suitable foi this purpose is composed as follow s KH-POi 0 1 per cen , 
KaNO, 0 G per cent, MgSOi 0 05 per cent, CaCO, 1 5 per cent, brown suga 
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2 per cent The optunal titer was reached after 6 days The proportion 
of the two active agents was not materially different from that obtained by 
static culture, though the yield of both was shghtly better (isolation) 
Antibacterial Properties of Fxmiigacin — Whereas ghoto\m is active against 
Gram-negative as ivell as Gram-positive bactena, fumigacm acts pnmanly 
on the latter 

Table I illustrates the inlubitory effect of fumigacm on the groivth of 
several strains of staphjdococci and streptococci The figures for the 4 to 7 
hour period give a measuie of the bactenostatic effect, while those m the 

Table I 

Baetenosialic Effect of Fvmtgacin 


The minimal concentration of fumigacm in mg per liter necessarj to prevent 
growth in beef heart-0 25 per cent glucose broth for a specified length of time 
The controls showed growth in 4 to 7 hours 



4-7 hn 

24 hrs 

> 120 

Staphylococcus aureus. Strain 873 

1 5 

15 

80 

“ “ (Heatley strain) 

1 5 

14 

60 

" albus Strain 61 

1 

6 

30 

■' “ " 671 

1 

4 

25 

" “ '■ 806 

0 8 

6 

20 

“ etireut, Strain 74 


4 

25 

Micrococcus tetragenus, “ 653 

2 5 

60 

100 

Streptococcus haemolyhcus, Strain 660 

1 5 

5 

10 

“ '■ '■ C203 

2 

25 

40 

“ tnrtdans, Strain 355 

39 

312 

625 

Bacillus anthracis, Strain 4094 

1 5 

6 

15 

" subtihs 


156 

2500 

Streptococcus spec (non hemolytic) 

7 

156 

625 


last column are the concentrations necessary for permanent mhibition and 
therefore may be taken as mdicatmg the bactericidal eSBcacy 
The presence of serum in the test medium causes only slight mhibition 
of the bactenostatic action 

Toxicity and Protective Experiments — ^The L D 50 for 20 gm mice, in- 
jected mtraperitoneally, was found to be 8 mg , or 400 mg per kilo This 
value IS based on results obtamed with tlurty mice, divided m three equal 
groups, which leceived 6, 8, and 10 mg of fumigacm, respectnelj, per 
animal The solution used for mjection was prepared bj dissoh mg 1 gm 
of fumigacm m about 5 cc of 1 per cent sodium carbonate solution and 
dilutmg it to 100 cc w itli stenle distilled w'ater 
Fumigacm when administered m proper dosage was found to afford 
some protection to mice injected intraperitoneallj with 10 to 100 times the 
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lethal dose of Streptococcus haemolyltcus (Strain C203) In these expen- 
ments the solution of the compound was injected subcutaneously, m order 
to avoid direct contact with the mfectu e organisms For effective treat- 
ment relatively large doses have to be employed m the early stages of the 
mfection Small amounts (0 5 to 2 mg ) gii en m a smgle dose merelj 
retard death, nhile several such doses given tivice dailj for 2 to 3 daj'S ma} 
prevent it Amounts of 2 to 4 mg administered once or twice shortly 
after the infection w ere found to be most effectii e, but ei en with this mode 
of treatment protection was afforded at best to only 50 per cent of all 
mfected mice 

Chemical Studies (A E 0 Menzel and 0 Wintersteiner) 

The culture filtrate w as acidified to pH 2 with phosplionc acid and ex- 
tracted three times with ether, the combmed extracts equahng the ^ olume 
of the filtrate The ether was eiaporated to one-tenth of its i olume, 
shaken repeatedl5’^ with saturated sodium bicarbonate solution, which 
removed a biologicallj mert, dark red pigment, and then exhaustnelj 
extracted with 6 per cent sodium carbonate solution The ether phase 
jielded on evaporation ghotoxin (see below) The sodium carbonate 
solution w as acidified and distnbuted several times with benzene 
Fiinngacin — ^The partlj crjstalime residue from the benzene (" fo 12 
mg per liter of culture filtrate) jielded on repeated recrj’stalhzation from 
methanol pure fumigacm m the form of filamentous needles (about 3 mg 
per hter) 

Fumigacm melts with some decomposition at 215-220°, dependmg on the 
rate of heatmg = — 132° ± 2° (0 41 per cent in chloroform) The 

ultraviolet absorption curve shows onlj stiong end-absorption below 260 
mu with F} ™ = 298 at 234 mu 

CjiHjsOt Calculated C 69 S4, H 7 G9 

ChH.oO, " » 69 55, “ S 06 

Found '• 69 55, “ 7 74 

69 65, “ 7 90 

The equivalent weights obtained bj titration with standard sodium hj- 
droxide and phenolphthalem on samples weighing 30 to CO mg were 514, 
560, and 591 Smaller samples (4 to 10 mg ) gav e figures of between 400 

and 500 j f pi i 

The figures obtained m tw o acetyl determmations bj the method of b e 
and Harte (7) were 7 65 and 9 05 per cent C— HjsOs CO CHj wou 

require 8 61 per cent , 

Fumigacm is practicallj insoluble in water, sparinglj soluble m co 
methanol and ethanol, and more readilj so m acetone, ethjl acetate, en 
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zene, and ether It is easily dissolved by chloroform, acetic acid, and 
dioxane 

Silver Soft— 60 mg of fumigacm dissolved in 5 cc of alcohol were neu- 
tralized with 1 07 cc of 0 1 N NaOH To 3 cc of this solution were added 
about 10 cc of 1 per cent aqueous silver nitrate solution The resultmg 
crystalline precipitate nas washed with water and dned in vacuo at 100 
for 2 hours 

CjiH«OjAg Calculated C 57 90, H 6 53, Ag 16 27 
Found ** 57 77, “ 6 56, “ 16 14 

The remamder was recostallized by precipitation from chloroform solution 
with ether 


Found, C 57 82, H 6 57, Ag 16 40 

Quahtaiive Rcachons—The follownng reactions were negative feme 
chlonde, Legal, fuchsm sulfurous acid, Tollens, Mohsch, Rosenheim, 
Hammersten (for cholic acid), Jaffd-TorteUi, digitomn The Zimmem^ 
reaction wuth m-dinitrobenzene for ketones was strongly positive n e 
Chabrol-Charonnet test for bile acid (phosphoric acid and vai^) a strong 
red color was obtamed Likewise, the Liebermann-Burchard test gave an 
mtense blood-red color Fehhng’s solution was slowly but perceptibly 

reduced at 100° via + 

In connection wuth the latter test, which is also given by ghotoim, it 
was thought advisable to ascertain whether our preparations were entirely 
free from the latter compound Quahtative reactions for sulfur (sodium 
melt-mtroprusside, sodium plumbite) and a quantitative mtrogen de- 
termmation on 14 mg of fumigacm showed this to be the case 

more, 4 mg dissolved m 2 cc of Nessler’s reagent gave a clear solution w hich 

only on prolonged standmg deposited a white precipitate, while as little as 
0 02 mg of ghotoxm caused an immediate turbidity i 

Action of Allah— 2Q 84 mg of fumigacm were dissolved to 2 cc with 1 . 
NaOH, and the change m rotation w'as foUowed m a 2 dm tube 


Time, min 
[«]d, degrees 


5 

-27 8 


20 35 

-28 8 -34 6 


60 90 

-44 1 -48 9 


120 
-56 6 


200 
-69 0 


After 4 hours a copious precipitate of well formed plates had settled in the 
solution The almost Imear nse of the levorotation during the period of 
observation shows that the reaction had not gone to comp e mn w ® 
pomt was reached The crystailme sodium salt thus formed ^ 
soluble in water, alcohol, and butanol and there ore ^ -nhich 

m pure form Acidification and extraction with ether yielded a resm w hich 

could not be crystallized ,, , . 

A solution of 27 8 mg of fumigacm m 2 cc of 0 1 n N aOH w as allow ed 
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stand for 48 hours at room temperature Titration showed that 01095 
milhequivalent of alkali had been neutralized This corresponds to an 
equivalent w eight of 254 for the reaction product, or to half of the molecular 
w eight of fumigacm on the basis of the C-oHjs-ioOt formula 
The methyl cslci was prepared with diazomethane m the usual wa^ It 
crvstalhzed from methanol in long, fine needles melting at 260-261° Its 
specific rotation [ajD® nas —150° ± 2° (0 57 per cent in chloroform) 

CjoH.oOj Calculated C 70 27, H 7 87, OCH, 6 06, mol wt 512 


C,oH. 0, 

•' 69 99, 

" 8 23, 

it 

6 03, “ 

" 514 

Found 

" 70 04, 

“ 8 03, 

it 

0 06, “ 

“ 479 (hast) 


“ 09 97, 

" 8 09, 

it 

6 10, " 

“ 501 " 




(1 

6 37 



Oxime — 50 rag of fumigacm were boiled for 3 hours in 3 cc of a filtered 
solution containing 140 mg of hydroxj lamine h\ drochlonde and 200 mg 
of potassium acetate in 5 cc of 90 per cent ethanol The reaction product, 
precipitated and washed wath water, was repeatedh recrystalbzed from 
70 per cent ethanol It formed fine needles meltmg at 204-206° Found, 
N 215 

The scmicarhazonc was prepared m an analogous fashion After three 
recrystallizations from 95 per cent alcohol the melting point remained con- 
stant at 225-228° Found, N 7 22 

Glioloxin — ^The ether solution, after extraction of the fumigacm fraction 
wath sodium carbonate solution, was dned and e\aporated The parth 
crj'Stallme residue (about GO mg per hter of culture filtrate) was recn.'stal- 
hzed repeatedly from ethanol Tlie melting pomt of the pure compound 
(195° wath decomposition, in an open capillao) was not depressed b) 
admixture of an authentic specimen denved from Glwcladium fimbnaium 
The specific rotation ([a]? = —245° m chloroform) and the ultra%aoe 
absorption spectrum (tron at 270 mp, 4500, emm at 245 m;i, 3500) pron 
further proof for the identitj wath the reference preparation (8) 

C,,H„0,NsS Calculated C 47 85, H 4 32, N 8 59, S 19 65 
Found " 48 68, " 4 24, " 8 40, “ 19 36 
“ 48 77, “ 4 56 

The carbon figures obtained m this laboratorj on preparations fro® 
A&pcrgillus fumigatus as well as from Ghocladium fimhnatum were 
tently too high and are not m accord wath the data of Butcher ( ” " ^ . 
led this author to revise the Cu formula of Weindling The revise 

formula IS undoubtedly correct, smee it has been confirmed bv ®sro ® 

The possibility that we were dealing m our isolated product wa 
homologue of ghotoxin appeared remote, since the analytics 
should then haa e been noticeable also m the h\ drogen and su ur 
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ne\ erfcheless it seemed desirable to estabbsb the number of carbon atoms 
m oui preparation by other means A methoxyl detemunation demon- 
etiated the absence of an additional methyl group uhich might have been 
attached to one of the tno hydroxyl groups’ m ghotoxm In order to 
proxe the identity of the undeilymg heterocyclic nng skeleton in both 
vaneties of ghotoMn, ue i educed our compound mth hydnodic acid, by 
which treatment ghotovin from Ghodadvum has been shoira to joeld a 
sulfur-free compound C15H12O2N2, meltmg at 122 ° ’ The reduction product 
obtained from our material melted at the same temperature and showed 
no depression when mixed with the reference preparation Anatysis of the 
demativc confirmed the C13 formula 

C,iH, 2X502 Calculated C 68 40, H 5 26, N 12 28 
Found " 68 65, " 5 64, " 12 65 

The microanalyses reported in this paper were earned out by Mr J F 
Ahcino 


SUMMARY 

Aspergillus fumtgaius when growm on the Czapek-Dox medium produces 
simultaneously two antibiotically active agents, ghotoxan and fumigacin 
The foimer substance accounts for the greater part of the antibiotic ac- 
tiMty The production of the two compounds under vanous conditions 
has been studied It has been demonstrated that the crystalhne matenal 
formerly desenbed as fumigacm (1) is a mixture of fumigacm and ghotoxm 
Puie fumigacm has been piepared and charactenzed m regard to its chenu- 
cal and bacteriological properties It appears to be identical with the 
helvohc acid recently isolated bj’’ Cham et al ( 3 ) from the same source 
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THE STIMULATORY EFFECT OF THIAMIA'E AND CERTAIN OF 
ITS DERIVATR^S OX THE ASSAY OF VITAMIN Bi BY 
I'EAST FERMENTATION 

Bt H P DEUTSCH 

(From the Department of Physiological Chemistry, Medical School, University of 

IPi^cotisin, Madison) 

(Received for publication, Kovember IS, 1943) 

During the course of an investigation on the enzymatic destruction of 
thiamme, the Atkin, Schultz, and Prej (1) ultramicromethod of thiamine 
assay by yeast fermentation nas emplojed as a possible means of charac- 
tenzmg certam of the end-pioducts The choice of this method rests on 
the claim that aside from thiamme and its pynmidme component no other 
1 elated substances stimulate the fermentation of j'east It nas soon ob- 
served, however, that thiazole and the pyrimidmesulfomc acid resultmg 
from NajSOs splittmg of thiamme were shghtlj actn e and further that the 
percentage stimulation of the known active compounds varied mth the 
concentration The detailed studj of these effects is reported m this paper 

EXPERIMENTAL 

To test the validity of the micro fermentation method vanous compounds 
known to stimulate were studied m addition to several chemically related 
compounds These were (I) thiamme chlonde, 3-[(4-ammo-2-meth3l-5- 
pj nmidj I)methyl ]-5-(2-h3 droxj etfayI)-4-methyl thiazolium chlonde hj'dro- 
chlonde, (11) cocarboxylase, the p3'rophosphate of (I), (III) the pynmidme 
portion, 4-ammo-2-methyl-5-etho\3Tneth3’lpyrimidme, (DO the thiazole 
portion, 4-methyl-5-(2-hydrox3’'ethyl)thiazole,' (V) the sulfonic acid 
raethylpyrimidme resulting from NajSOj splittmg of thiamme, 4-aniino- 

2- methyl-5-methylsulfonic acid p3TTmidine, (VI) 0x3 chlorothiamine, 

3- [(4-hydroxy-2-methyl-5-pynmid3d)meth)d]-5-(2-h3'dro\-3 eth3 l)-4-meth3 1 
thiazohum chlonde hydroclilonde, and (VII) a mixture of (IV) and (V) 
prepared by sulfite sphttmg of thiamine In addition, the followmg com- 
pounds i\ ere tested for stimuIator3'^ activit3 adenosine triphosphate, muscle 
aden3dic acid, hexose diphosphate, glycerophosphate, pi nn ic acid, uracil, 

5 ammouracil, guamne, ademne, \anthme, unc acid, allantom, creatme, 
guanidine, and meth3’'lguanidine 

The sulfomc acid p3 nmidme deni ative (V) n as prepared b3 the method 
of Williams el al (2) Purification nas effected b3 reciy'staUizmg three 

* We are indebted to Merck and Companj for anal} ticall} pure samples of the 
first four compounds 
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times from -water followed bj^ thorough drying The oxj clilorothiamine 
(VI) was prepared according to the method of Buchman and Williams (3) 
It was recrystalhzed three times from a raethj 1 alcohol-ether mixture, dried 
in vacuo, and tested foi unchanged thiamine b 5 '- the thiochrome test 
Preparation (VII) w as obtamed by the sulfite sphttmg of thiamine accord- 
mg to the procedure of Mason and Williams (4) bj use of Ka-SOs at pH 4 8 
to 5 0 The excess sulfite w as oxidized to sulfate w ith HjO- and the solution 
then neutralized to phenolphthalem The thiochrome method w as used to 
determine w hether any unspht thiamme remained This mixture of com- 
pounds (R^) and (V) was used as such 
The methods and reagents used by Atkin, Schultz, and Frey (1) m the 
ultranucrodetermination of thiamme were followed except that 2 instead 
5 mg of yeasV per flask were used All stock solutions were diluted to 
the proper volume immediately before use Regular Warburg flasks of 
13 to 14 ml volume were used with a final substrate volume of 3 ml All 
determinations were made in duplicate except when noted and all com- 
pounds tested w ere added on a molar basis The flasks w ere shaken at a 
rate of 85 oscillations per minute at 30° Gas production was measured 
durmg the 2nd hour of fermentation in tw o successn e 30 mmutc inten als 
starting 1 hour after addition of yeast to the substrate Imtial and final 
manometer readings were made while the flasks were shaking m order to 
mmimize equilibnum difficulties expenenced in CO5 manometrj' 
Ex-penments listed in Table I with the same numbers w ere earned out 
with the same yeast suspensions 

The obsen'ed stimulation of CO* production by any given compound is 
expressed as a A value, which represents the microhters of CO; produced by 
2 mg of yeast dunng the 2nd hour of fermentation in excess of that produced 
by the control yeast suspension 


Results 

The pyrimidmesulfonic acid, oxj chlorothiamme, and the solutions re- 
sulting from NaiiSOs splitting of thiamme were tested for thiamme bj the 
thiochiome method The o-^ chlorothiamme contamed less than 0 05 per 
cent thiamme, w hereas the other preparations w ere negatn e 

Prehminarj' experiments with thiamme, pynmidine, and thiazole at a 
concentration of 1 X 10"'° mole per flask showed that these compounds 
stimulated m vailing degree (see Expenments 1 and 2, Table I) In addi 
tion, concentrations of thiamme and pynmidine from 7 5 X 10"" to 1 0 X 
10"" mole w ere used These expenments indicated that below 5 X lO” 
mole a straight Ime relationship exists between thiamme concentration an 
CO 2 production The same situation appears to hold for pj nnudme excep 

* Fleischmann’a yeast w as used routinely in thiamme assay bj fermentation 
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Table I 


Effect of Thiamine and Denvalives 

The results are given in microhters of COj 2 rag of yeast were used in 3 ml of 
substrate 


Moles added 

Experi 

meat 

No 

A thtfl, 
mine 

Apyrimi* 

dme 

A pyrimi 
dine 
sulfonic 
acid 

A thiazole 

A NatSOj 
split 
thiamme 

A p> rimi 
dme + 
thiazole 

A cocar 
boxylase 

1 X lO-i" 

1 

232 

191 


99 

76 

199 



2 

181 

151 


79 

70 

169 



3 

198 

155 






7 5 X 10-n 

4 

204 

151 






5 X 10-n 

5 

166 

147 







6 

161 

139 

9 






7 

162 

143 

8 






9» 

164 

113 


33 





10* 

152 

130 


8 





lit 

165 



8 





11a 

157 

133 







12 

157 




35 




13 

87 

70 

7 



75 



23 

143 






162 


24 

153 






172 

2 5 X 10'» 

3 

106 

109 







8 

104 

104 

8 






9* 

87 

75 


11 





10* 

104 

96 


10 





lit 

116 



6 





11a 

111 

101 







12 

111 




16 




14 

101 

105 




114 



23 

104 






114 


24 

107 






121 

1 X 10-“ 

3 

60 

87 







9* 

32 

48 


2 





10* 

49 

63 


8 





lit 

69 



11 





11a 

57 

53 







12 

64 




12 




25 

96 






65 

5 X 10-“ 

9* 

18 

3 


1 





10* 

33 

31 


3 





25 

69 

1 ( 




28 


• Single manometers 

t Experiments 11 and 11a were run 3 hours apart with the same yeast 


that It IS less stimulatory at the higher concentrations and in decreasmg 
concentrations the stimulation approaches and finallj exceeds that of 
thiamme These results are shown m Fig 1 In Fig 2 the results are 
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graphically expressed as stimulation per miUimicrogram (1 X 10“’ gm ) 
at the vanous levels used It can readily be seen from Fig 2 that the 
iimt stimulation of thiamme mcreases slowly at the loner concentrations 
The same effect, honeyer, is verj' marked for pjTimidme These graphs 



Fig I CO stimulation by thiamine and pyrimidine at different concentrations 
expressed on a molar basis 



Fig 2 COj stimulation bj thi ami ne and pynmidine at different concentrations 
expressed on a direct weight basis 


strikingly reveal the marked differences m thiamme and pj nmidme stunu- 
lation both on a molar and a v eight basis 
Further expenments mth thianune, pynnudme, thiazole, equimolar 
mixtures of pynmidme and thiazole, pynmidmesulfonic acid, and cocar- 
boxylase at vanous concentrations were earned out These results are 
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shown in Table I Thiazole exhibited a small but definite stimulation at 
most of the concentrations studied Mixtures of P 3 TTmidme and thiazole 
were less stimulatorj than the same amount of thiamme at the 1 X 10“'“ 
and 5 X 10~" mole le\els and there is no mdication of anj appreciable 
sj-nthesis of cocarboxj lase from these compounds under these conditions 
The p 3 Timidmesulfomc acid showed 5 6 to 7 7 per cent of the pyrimidine 
stimulation at the 5 X 10~“ and 2 5 X 10~" mole levels If the stimulation 
due to a solution of the Na^SOj spht-products of thiamme at the 2 5 X 10~” 
mole lei el is compared with the sum of the average values of thiazole and 
of pjTimidmesulfomc acid at this concentration, it will be seen that they 
are of si m ilar magmtude Somewhat the same relation is seen at the 5 X 
10“" mole level At equimolar levels the stunulatorj effect of cocarboxj 1- 
ase was greater than that of thiamme at the higher, but less at the lower 
concentrations 

Attempts were made to separate thiamme from pjrrrmidme by use of 
zeohte filtration Prehmmarj experiments rev ealed that more than 95 per 
cent of the pynmidme is also removed by zeohte and that such a separation 
by this procedure is impossible 

The effect of oxychlorothianune was compared with that of thiannne at 
two concentrations, 5 X 10~" and 2 5 X 10“" mole In these experiments 
COs production was measured not only dunng the 2nd hour, but also durmg 
the 3rd, 4th, and 5th hours after addition of y east to the substrate Shght 
stimulation by the oxychlorothiamme was observed dunng the 2nd hour, 
With successive mcreases thereafter The values at the two concentrations 
Were practicaUj' identical but the percentage of the analogous thiamme 
stimulation was greater at the lower concentration These results sug- 
gested that the oxychlorothiamme was bemg slowly animated to form 
thiamme An experiment on a larger scale (150 ml ) with conditions 
identical to those employed m measurmg the CO: stimulation by o\j- 
chlorothiamme at the 5 X 10““ mole level was earned out so as to permit 
chemical assay of thiamme by the thiochrome method No mcrease m 
thiamme was noted m the j east cells after 5 hours mcubation at 30° Both 
anaerobic and aerobic sj stems were also set up contammg 1 X 10~® mole 
of oxj chlorothiamme and 25 mg of y east with the same reagents used m 
the fermentation test m a final volume of 25 ml These were allowed to 
meubate for 48 hours at room temperature There was no mcrease of 
thiamme over the controls m the flasks contammg the oxj chlorothiamme 
The fermentation activity of oxj chlorothiamme (Table II) thus is not due 
to synthesis of thiamme from the oxv compound 

The effect of adenosme tnphospbate, muscle adenylic acid, glycero- 
phosphate, hexose diphosphate, and pyruvuc acid was studied m another 
senes of experiments m concentrations from 1 X 10““ to 1 X 10~* mole 
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Slight stimulations are shown b3’’ all phosphate esters m the concentrations 
studied, while pj^runc acid ivas ivithout effect See Table III 
The follomng compounds were also tested for stimulatoiy activity in the 
fermentation test under the usual conditions, additions being made at the 
1 X 10“^° mole level uracil, 5 aminouracil, guanine, xanthine, unc acid. 


Table II 

Effect of OxijchloTolhtamtne 


The results are given m microhters of COi 2 mg of yeast m ere used in 3 ml of 
substrate 



5 X 10-»» mole 

2A X 10-“ mole 

Measurement interval 

A thiamine 

A oxy 
chlorothi 
amine 

Per cent of 
thiamine 

A by oi>- 
chlorothi 
amine A 

A thiamine 

A ozy 
chlorothi 
amine 

Per cent of 
thiamine 

A by oxy 
chlorothi 
amine A 

2nd hr 

154 

8 

6 2 

108 

8 

7 4 

3rd “ 

205 

17 

8 3 

130 

18 

12 8 

4th “ 

225 

28 

12 4 

140 

27 

19 3 

6th " 

257 

50 

19 4 

161 

48 

29 8 


Table III 

Effect of Phosphate Esters 

The results are given in raicroliters of COj 2 mg of yeast n ere used in 3 ml of 
substrate 


Substance tested 

A for 1 X 10-* mole 
addition 

A fori X 10-»mole 
addition 

Adenosine triphosphate 

5 


Hexose diphosphate 

6 

18 

Glycerophosphate 

7 

19 

Muscle adenylic acid 

7 

33 


* Average of two experiments 


allantom, adenme, creatine, guanidine, abd methyl guamdine No stimu- 
lation was noted with any of these compounds 

discussion 

From these experiments it is apparent that the interpretation of the 
effect of thiarmne and its breakdomi products on the fermentation reaction 
IS m need of revision m several respects 

The effeets of pynmidme, thiazole, and thiamine on the yeast fennente- 
tion are different and variations are encountered inth these compoun s 
Both thiamine and pynmidme have been shown by Schultz, Atkm, an 
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Frey (5) to be active in the macro fermentation, while thiazole was without 
effect In the e\penments desciibed pi rimidme was found to be far more 
actne than thiazole in stimulating \east metabolism when measured in 
terms of CO 2 production but the latter compound was definitely stimula- 
tory Ochoa and Peters (6) observed that several pjoamidines containing 
an anuno group in the 4 position greatly stimulated the carboxylase ac- 
tivitj of alkaline washed jeast, while thiazole was without effect In 
addition they found that thiamine and thiamme monophosphate have a 
stimulatory effect, although these compounds were apparentlj not syn- 
thesized to cocarboxylase under these conditions In fact Sperber (7) 
found that absorption and phosphon lation of thiarmne are strongly in- 
hibited by the presence of pj rimidme but not by thiazole A yeast phos- 
phatase was said to be the active factor in the absorption and phosphorjda- 
tion of the thiamine Evidently the pi rimidme portion inhibits the action 
of this phosphatase Westenbnnk (8) had previously suggested that the 
stimulatoiy action of thiamine on cocarboxylase ivas due to the formation 
of a thiamme-protem complex w hich tended to render cocarboxylase more 
reactive The same stimulatori'' effect of thiamine on the carboxylase 
system of alkaline washed yeast was suggested by Lipton and Elvehjem 
(9) to be due to the absorption of thiamme by a protein mactive m the 
carboxylase sj stem, as a consequence of which cocarboxylase is made more 
available to the active system Later Westenbnnk ef of (10) showed that 
the effect of thiamme was due to the inhibition of a yeast phosphatase, 
which tends to dephosphorylate cocarboxjdase Nielson (11) has reported 
that pynmidme is far more effectiie than thiazole as a growth promoter 
for one stram of yeast He ascribed this to the synthesis of thiazole when 
pynmidme is supplied, but it is hkelj that the effect of pynmidme alone w as 
due to the enhancement of carboxj lase activity, as suggested bj the w ork of 
Westenbnnk We are aware that alkahne washed dry yeast and hnng 
yeast are different entities but the experimental results mth the above 
compounds appear to be similar for these preparations Vanous workers 
have shown that thiazole requirement is greater than pynmidme for thia- 
mme synthesis by yeasts Van Lanen et al (12) have found thiazole to 
be more stimulatory than pj rimidme m aerobic thiamme syntheses and it 
appeared possible that the yeast may have been able to sjmthesize some 
pynmidme Fink and Just (13) found pynmidme alone to be mthout 
effect on thiamme synthesis by seieral jeast species, while thiazole resulted 
m a shght sjmthesis In any event the thiazole and pvnmidme actintv 
in fermentation is reversed m experiments on thiamme simthesis 

From the above considerations it appears that the stimulatorj effect of 
pyrumdme, as w ell as that of thiamme, m the fermentation assaj for v ita- 
mm Bi may be due to their inhibition of a jeast phosphatase which mac- 
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tivates cocarboxylase The fact that pynmidme becomes more stimula- 
tory than thiamine in the lower concentrations may be due to its bemg more 
readily diffusible into the yeast cell or its greater affinity for the phosphatase 
system 

In view of the above reports on thiazole, the slight but constant stimula 
tion encountered with this compound in the assay for thiaimne by jeast 
fermentation does not appear to be due to phosphatase inhibition but 
possibly to a slight synthesis of thiazole to cocarboxjdase One cannot be 
sure that synthesis to cocarboxylase is the sole pathvaj of thiazole activity 
The results of the expenments on attempted S 3 Tithesis mvolvmg equi- 
molecular amounts of pynmidme and thiazole (Table I) do not allow one to 
draw any conclusions, since pynmidme activity tends to obscure the picture 
although the stimulation appears to be additive m the low er concentrations 
Chemical assays for thiamine m the systems studied are impractical owmg 
to the extremely small amounts of thiamme that v ould be formed if such 
shght sjmthesis did result 

Our results show that different batches of the same yeast used in these 
expenments vary as regards the ratio of thiamme and pynmidme stimula 
tion at a smgle concentration This w as especially noticeable at 1 X 10““ 
mole, at which level the pyrimidine showed from 93 to 150 per cent of the 
thiamme stimulation The ratio of thiamme and thiazole stimulation 
likewise tends to vary both for the same concentration m different runs and 
for different concentrations dunng the same run 

The sulfite split-products of thiamme w ere found to possess activity m 
this test When thianune solutions are split by NasSOs, thiazole and the 
sulfonic acid pynmidme are the end-products Thiazole, as already men 
tioned, was found to possess shght actmtj The same effect was noted 
for the pynmidinesuKonic acid m all expenments mvolvmg this substance 
Owing to its close structural relation to pynmidme it is likely that the action 
of the above sulfonic acid denvative may mvolve enhancement of 
carboxylase action through the inliibition of the phosphatase which ten s 
to mactivate the latter compound Schultz et al (14) reported no actmty 
by the pynmidmesulfonic acid in an unspecified fermentation 

Smce Lipschitz et al (15) and Ochoa and Peters (6) have shown t a 
hexose diphosphate catalyzed CO» production by alkalme washed yeast, i 
appeared that certain phosphate esters might catalyze the fermentation 
All of the phosphate esters used m these expenments show defimte acti'n y 
at the mdicated concentration (see Table III) Owmg to the concen ra 
tions required for stimulation it is unlikely that the above esters intro uc 
any stimulatory effects m the usual thiamme assay by fermenta ion 
Pyruvic acid was without effect Uracil, 5-ammouracil, guanme, xan 
unc acid, allantom, creatme, guanidme, and methylguamdme showe 



n F DEUTSCH 


439 


ftinniHtion nt (he 1 X 10”'° mole le\cl The a%'’erage of duplicate de- 
tomiimtions on theec substances showed ±2 per cent of the thiamine 
stimuhtion at tins lc\rl and tends to indicate the constancy of fermenta- 
tion results that were obtained Schultz, Atkin, and Frej" stated that 
aden\ he acid (IG) ns well as compounds (5) similar or related to 2-methjl- 
S-lndroMmetlnl-C-aminopinmidinc were inactiie, although the}' did not 
mention the substances tested 

Wien equimolar maxturcs of thiazole and pi nmidinesulfonic acid, pre- 
pared b} the action of Na*SOj on thiamine solutions, were used m the 
fermentation assax , dilTcrcnt degrees of stimulation were noted, although at 
no time did the thiochromc test rcieal anv remainmg thiamme Our re- 
sults indicated that 22 3 to 14 4 per cent of the thiamme actmty remains 
at the concentrations of 5 0 X 10”“ to 1 0 X 10”“ mole As previously 
pointed out, this remaining actiiit} is approximate!} equal to the sum of 
p\ nmidinesulfonic acid and thiazole stimulation at the SOX 10”“ and 
25 X 10”“ mole levels It is exident from Table I that the sphtting of 
thiamme giies nse to products which are not completely mactixe m the 
micro fermentation assax for thiamme 
Vanations in the degree of stimulation at equal concentrations w ere noted 
m the case of thiamme and cocarbo\}lase Peters (17) observed that co- 
C3rbox’}lase was less stimulator} than thiamme m the catatoruhn test 
This effect xxas later shown b} Banga el al (18) to be the result of co- 
carbov} lase being less diffusible than thiamme From our data it appears 
that a like effect ma} occur with }east cells at the lower concentrations 
It IS thus apparent that these considerations must be taken mto accoimt 
in assa}nng for thiamine bx }east fermentation Various mx'estigators 
(19-21) haxe used the thiamme and p}'nmidme acceleration of yeast fer- 
mentation as a means of measurmg both of these substances m biological 
material They haxe assumed that Na"S 03 treatment completel} de- 
stro}ed the stimulator}' effects of thiamme by forinmg non-stimulatory 
products The difference mstimulation betw een an imtreatedand a NajSOj- 
treated preparation was taken as a measure of the amount of thiaimne 
present Our results m Table I do not substantiate such a supposition 
Knott et al (19) apparentl} calculated the stimulation remainmg after 
Na-SOj treatment as micrograms of pvnmidme or that p}'nmidme and 
thiamme were equall} stimulator} on a weight basis Pollack, Ellenberg, 
and Dolger (22) and Gorham et al (21) haxe referred to data of Schultz, 
Atkm, and Frey (5) which the} mterpreted to mdicate that thiamme and 
pynmidme stimulate equally on a molar basis 
From Table I of Schultz, Atkins, and Fre} (5) it can be seen that on a 
direct weight basis the pyrumdme is 43 8 per cent more stimulator} than 
thiamme, xx hile on a molar basis the thiamme is 41 4 per cent more stimula- 



440 


THIAMINE EFFECT ON VITAMIN Bi ASSAY 


tory Any comparison of activities should be made on a molar basis, since 
pynmidme is very bkely a metabolic product of thiamine The expression 
of the results of thiamme and pynmidme assay by fermentation bj’’ several 
workers in terms of milhequivalents satisfies this condition (20-22) 

In analysis of biological material in iihich the concentrations of both 
thiamme and pjonmidme are unknown, any attempt to designate stimula- 
tion remammg after sulfite treatment as being due to a definite amount of 
pymmdine would seem at best an approximation Smce the difference 
between the total stimulation and that remammg after sulfite sphttmg is 
taken as the thiamme value, this value must of necessity also be approxi 
mate m vieiv of the fact that the pj nmidine v alue cannot be correctlj esti- 
mated Schultz, Atkm, and Frey (23) state that m the majonty of cases 
sulfite treatment of natural matenals 90 per cent or more of the fer 
■ « on activity is removed and that 99 per cent of the activity of pure 
111 " solution can be removed by sulfite The thiamine method of 
assay by fermentation has been stated to be more difficult and less certam 


when the sulfite correction is large (24) 

Schultz, Atkm, and Frey m one report (25) state that partial destruction 
(by sphttmg or otherwise) of the thiamme molecule causes it to retam ifs 
activity m the fermentation test, although they had indicated m another 
publication (14) that tluazole and the sulfonic acid methj’lpvnnudine are 
mactive We presume that by splitting they refer to the w ell known action 
of sulfite on thiamme, although we are aware that hydroljsis of thiamme 
m solutions of near neutraht 3 ’’ and slight alkalmity occurs and gives nse to 
thiazole and the 5-hydroxymethylpynmidme denvative The latter com- 


pound, which IS presumably the active pj nmidine metabolite occuwng m 
biological fluids, has been stated by the abov e w orkers not to be sulfonated 
by Na-SOs as it occurs m assaj' solutions They (25) hav e suggested the 
conversion of the thiamme to thiochrome, the latter compound being re- 
ported as mactive m the fermentation (26), as a means of estimatmg the 
remammg activity due to thiamme breakdown products Aside from the 
fact that pynrmdme stimulation vanes, the conversion of thiamine to 
thiochrome estimated by oxidation of a knowm thiamme solution necessi- 
tates the assumption that the percentage oxidation of thiamme in the con- 
trol and sample is identical Goodhart and Nitzberg (27) attempted to use 
the conversion to thiochrome but discarded it because of inaccuracies, i e 
sultmg largely from mcomplete oxidation However other w orkers (22, ) 

apparently found this method satisfactory m their w ork It w 
that the determmation of the activity of a thiamme control treated wu 
NajSOj m each determmation would be a logical method of 
to estimate pynrmdme and tluamme simultaneously Ochoa and re em 
(6) manometnc determmation of thiamme through use of alkalme 
dry yeast would appear to be perhaps a more difficult but a e 
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nictliod, 'lUhough differences m pyrimidine stimulation at different con- 
centrations ^\o^lId ■jerj probablj introduce the same difbcultj’- mdicated 
abo\c 

The \ arntion m tlic response of yeast to tbiamme and cocarboxjdase is 
another factor tending to introduce variation It is obvious from Table I 
that ani attempt at thiamine assaj 113 fermentation in materials also con- 
taining cocarbo\3 iase should be preceded b3 enz3Tnatic conversion of the 
phosphon latcd thiamine to the free form However, Carleen et al (29) 
ha^e stated that the method of 3 cast fermentation is admirably suited to 
the detormmation of thiamine m acetate extracts of skeletal muscle 

At this point it might be v ell to mention that if any data from the experi- 
mental results of this paper are to be used for purposes of evaluating the 
a east fermentation method foi tlic assay of thiamine, they are apphcable 
onl3 if lc\ els of 5 X 10”'* mole and below are mvolved A straight line 
relationship between thiamine and p3rimidme exists only in this range 
Atkin, Schultz, and Fre3 (1) have clearly mdicated that their assay method 
for thiamme is suitable only under such conditions Another consideration 
IS the fact that different samples of 3 east may vary m their response to a 
certam level of thianune but the difference in stimulation between two 
thiamme concentrations (Ai — A«) can be used to estimate the amount of 
thiamme m an unknown sample (5) We expenenced one case of extreme 
\ anation m thianune stimulation at the 5 X 10”** mole level. Experiment 
13, showmg approximat€l3 50 per cent of the usual stimulation at this level 
In all remaimng experiments the stimulation appeared to be rather constant 
at a given concentration, with the exception of Experiment 9 at concentra- 
tions below 5 X 10”** mole 

Our attempts to separate thiamme from pynimdme by zeohte filtration 
were not successful In view of this and the mabihty to remove thiamme 
activity completely by treatment xnth NazSOj, the present methods of 
simultaneously estimating both thiamme and pyrimidme m biological 
matenal are likely to give results which vary considerably from the true 
values This is especially true w hen the pynmidine blank is high 

Results obtained with the fermentation assay for thiamme have been 
showm to be m good agreement with the results of other methods (19, 30, 
31) In view of our experimental data it w'ould appear that the active 
compounds present m biological samples assayed by fermentation cause 
different and unknowm degrees of stimulation Smee the fermentation 
assay W’lll be the average of these stimulations, the net result wall be an 
mtermediate value Appai entl3’^ the value so obtained is in agreement wath 
other assays How'ever, it w oiild appear that in certam instances m which 
the usual amount of stimulator3 substances might xary wadely the fer- 
mentation assay rmght give discoidant results 

The oxychlorothiamine derivative prepared by deammation of thianune 
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has been shown to possess no antipolyneuntic activity in rats (3) and the 

4- ’h3'droxypyrimidine analogue does not stimulate carboxjdase in alkaline 
washed yeast (6) or promote the growth of certain microorganisms (32), 
whereas the 4-ammo denvative is active In these experiments oxj chloro- 
thiamine was not converted to thiochrome by alkalme ferricyamde From 
our fermentation results (Table II) yeast cells are seen to be activated by 
oxychlorothiaimne as regards CO« production This pronounced enhance- 
ment of carboxylase activity mth time bj' oxj chlorothiamme suggests that 
the effect is due to the same type of stimulation of carboxjdase actintj as 
that discussed foi pynmidine and thiamme The effect is not due to 
synthesis of thiamine and subsequent conversion to cocarboxylase as al 
readj’’ indicated Of interest in this respect is the report of Fmkelstem and 
Elderfield (33) that l-[(4-amino-2-methyl-5-pynmidyl)meth3ll-2-(2 hj- 
droxyethyl) pyridmmm bromide h3'drobromide and l-[(4-amino-2-methyl 

5- pyrimidyl)methyl]-2-(2-hydrox3 ethyl)-3-picohnium bromide hydrobro- 
nude show a pronounced ability to stimulate CO2 production m the yeast 
fermentation test but possess no antipolyneuntic activity m rats 

SUMMARY 

The capacity of thiamme and pynmidine to stimulate COs production by 
yeast vanes with the concentration of these compounds, thiamme being 
more stimulatory than pynmidine at high concentrations, inth the reverse 
obtaining at the lower concentration Thiamme and cocarboxylase vary 
in their stimulatory capacity in a similar way Thiazole and pynmidine- 
sulfomc acid resulting from Na-SOj sphttmg of thiarmne also exert a stimu- 
latory effect on the yeast fermentation Pynimdine cannot be separated 
from thiamme by zeolite filtration nor can the stimulatory effect due to 
thiarmne be adequately removed by treatment with NajSOs Hence the 
simultaneous estimation of thiamme and pynmidme as usually performed 
m the fermentation assay may yield only approximate values Oxychloro- 
thiamme although it stimulates the yeast fermentation is not converted to 
thiamme chlonde by the yeast used in these expenments Certain phos 
phate esters also stimulate the yeast fermentation 
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Carotene and other carotenoids interfere m the determination of vitamin 
A by the Carr-Pnee reaction This interference has been amply discussed 
by With (1) In anahsis of certam samples of cattle blood nearly all of 
the obsen ed color of the Carr-Pnee reaction may be due to the carotene 
present Therefore, in order to determme adequately the vitamm A con- 
tent of such samples it is necessarj' to separate the carotene from the 
\ntatmn A 

Satisfactoiy procedures for the separation of carotene from vitamm A 
are lackmg Phase separation between petroleum ether and methyl 
alcohol IS not satisfactory (2, 3) Chromatographic separation with 
fibrous aluimna (4) or similar substances is not adaptable for routine 
analjdical work, and it is difficult to elute the adsorbed vitamm A quantita- 
tively Attempts to adapt the nont adsorption method of De (5) to the 
determmation of ntamm A in blood were unsuccessful m our hands Not 
only the carotene but also the vntamm A was adsorbed m an appreciable 
amount by the nont 

A simple method for the separation of carotene from vitamm A has been 
developed, which is based upon the differential solubihties of carotene and 
vitamm A in 50 to 60 per cent of ethyl alcohol The carotene is precipitated 
from alcohol solutions by dilution, whereas vitamm A remams m solution 
The development of the method and its apphcation m analysis of cattle 
blood are herewith desenbed 


Procedure 

The separation is earned out on solutions of absolute ethyl alcohol con- 
tammg the carotene and vitamm A Ether or petroleum ether extracts of 
the matenal to be studied are made, the solvent evaporated, and the residue 
taken up m alcohol Saponification prior to solution m alcohol is desirable 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station 

We are indebted to the Amencan Guernsey Cattle Club and the Wisconsin Alumm 
Research Foundation for partial support of this project 

t Now at the Department of Chemistry, Stanford University, California 
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but this step may be dispensed w ith in certain instances The directions 
for the procedure dcA eloped follow 

6 ml of 0 05 per cent sodium chloride in distilled w ater are added inth 
shaking to 8 0 ml of an absolute ethjl alcohol solution of the sample in a 
SO ml test-tube The sodium chloride prevents formation of a colloidal 
precipitate The sample is allowed to stand for about 30 minutes m a 
refrigeiator, after which it is filtered on a No 40 'tt’hatman filter paper 
The test-tube and filter are carefullj washed with about 10 ml of a mivture 
of 4 parts of absolute eth}'! alcohol and 3 parts of the sodium chloi ide solu- 
tion The precipitated carotene is removed by this procedure, while the 
vitamin A and a portion of any \anthophv lls present remain in the filtrate 

Absolute meth}! alcohol may be substituted for the ethyl alcohol but 
w ith less dilution How e\ er, residues from blood e\tracts ire less soluble 
in meth}'! alcohol 

The method is adaptable to the remov al of carotene from solutions in 
which the carotene concentration greatly exceeds the vitamin A concentra- 
tion, but IS not suited to the removal of minute traces of carotene from 
vitamin A solutions 

Preliminary studies in the development of the method mdicated that 
carotene could be separated from v itamin A by precipitation from alcohol 
solution Further studies were made to determme the hmits within which 
carotene could be precipitated from alcohol bv dilution without loss of 
vitamin A For this purpose solutions of cr3^stallme vitamin A alcohol' 
and punfied carotene were used With these solutions it was found 
necessary to add 0 2 ml of a saturated solution of lard in absolute ethvl 
alcohol to increase the bulk of the precipitate and improve the retention of 
the carotene on the filter Fig 1 shows the results obtamed when increas- 
mg amounts of 0 05 per cent sodium chlonde w ere added to 8 0 ml of 
absolute ethvd alcohol contammg 4 2 y of vitamin A and 45 y of carotene 
It IS readilv seen that the vitamin A remained m solution until the alcohol 
content was reduced to below 50 per cent, whereas 97 per cent of the 
carotene was precipitated when the alcohol concentration was reduced to 
60 per cent Thus the desired alcohol concentration for the separation 
of carotene from v itamin A was between 50 and 60 per cent ethyl alcoho 
Although the initial carotene concentration vv as over 10 times that of e 
vitamin A m these separation experiments, it vv as possible to recover 97 to 
99 per cent of the vitamin A, vvhile 97 per cent or more of the carotene was 

removed . 

When the separation procedure was applied to a distilled vitamin 
concentrate (250,000 i u per gm ) or to a shark liver oil (15,000 i u per 

> Obtained from the Eastman Kodak Company 
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gm ), it as found necessao to saponify the sample m order to prevent loss 
of \utamin A (Table I) These results as veil as the results obtained vath 
the Nutamm A alcohol suggest that the ntamm A must be present in the 
form of the free alcohol (or possibh as a soluble ester) in order for the 
separation procedure to be successfullj used 
Applicaiton in Blood Analysts — Tlie success of the experiments vath pure 
Mtamin A and carotene solutions mdicated that the method offered good 
possibilities as an aid to the determmation of \itamm A m blood samples 
contaiiung high concentrations of carotene 
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Fig 1 The effect of alcohol concentration on the vataimn k and carotene m the 
filtrate from a pure ■vatamin A alcohol and carotene solution For the description 
of the expenmental procedure see the text 


In studies on blood samples the a itanun A and carotene were extracted 
essenhaUj as desenbed bj Kimble (6) Yudkm (7) found that this ex- 
traction procedure ga\ e good results v hen compared to ether extraction of 
previouslj saponiSed plasma 

The procedure used for blood analxsis vas as follows To 10 0 ml of 
plasma in a 50 ml test-tube fitted mth a glass or cork stopper vere added 
10 ml of 95 per cent ethj 1 alcohol and 24 0 ml of petroleum ether The 
stopper Was sealed m mth rmneral oil and the tube and contents shaken 
gentlv for 10 mmutes The tubes vere then placed m the refngerator for 
an hour or more to obtam separation of the laj ers A. suitable aliquot of 
the petroleum ether extract (1 to 10 ml ) vas diluted to 10 0 ml mth 
petroleum ether and the carotene estimated as desenbed elsev here (8, 6, 9) 
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A 20 0 ml aliquot, if necessarj , mcludmg that used for carotene estunation, 
■was next transferred to a 75 ml Pyrex test-tube Tuo such tubes were 
connected by means of a Y-tube to a water suction pump and the solvent 
removed under a slowty mcreased vacuum with rotary shaking of the 
tubes When a full vacuum had been applied, the tubes were heated m a 
ivater bath at not over 70° until the solvent uas barely evaporated The 
test-tube and contents were cooled in water, the vacuum released, and the 
residue dissolved immediately m 80 ml of absolute ethyl alcohol If 
sapomfication v as desired, the residue u as taken up in alcoholic potassium 


Table I 

Effect of Preciptlaiton and Filtration of Carotene upon Retention of Vitamin A 
in Various Materials 
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hvdro'ade instead of absolute alcohol If necessarjq shght heating 
tated solution of the residue The carotene v as precipitated and reraoi ed 
bj filtration as described above Precipitated material other than carotene 
ga\ e sufficient bulk to the precipitate to provide an excellent separation 
The alcohol content of the filtrate was reduced to about 40 per cent y 
addition of distilled v ater and the filtrate iv as extracted by thorough sha 
ing for 10 minutes v ith 13 0 ml of petroleum ether A good separation 
of the ether layer vas obtamed by allowing th^ mixture to stand m e 
refrigerator 10 ml of this laj^er w ere then transferred to an Evelyn colonm 
eter tube 
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In the presence of residual carotenoids the galvanometer deflection with 
the No 440 filter vas detemuned In most cases these were found to be 
mainlj the vinthophylls The correction factor for the \anthophylls which 
appear m cattle blood is given m Fig 2 After evaluation of the xantho- 
phjdl correction the petroleum ether was removed under a vacuum as before, 
the sample dissolved m 1 0 ml of chloroform, and the vitamm A determined 
b} the Carr-Price reaction (8, 6, 9) 

IMien saponification of the sample was necessary, the above procedure 
v\ as modified The residue from the 20 0 ml of petroleum ether extract 
was dissolved m about 10 ml of 20 per cent potassium hvdroxide m ethyl 
alcohol and heated carefully for 15 to 20 mmutes in a boilmg water bath 
An equal volume of vv ater v as added, and the contents chilled and then 
extracted four times with 5 ml portions of diethyl ether m a separatory 
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Fig 2 The relationship between the galvanometer deflection (Ako) and the Carr- 
Price reaction (Lojo) of xanthophylls from blood plasma of Guernsey cattle 

funnel The combmed ether extracts were washed twice with water, 5 ml 
of petroleum ether were added, and the extracts washed twice more The 
washmgs were extracted smglj'^ m a separate separatory funnel with another 
portion of ether which was then added to the origmal w ashed extract The 
combmed extracts were allowed to stand for 20 mmutes apd any water that 
settled out was carefully removed The extract was then transferred to 
a 75 ml Pyrex test-tube and the solvent removed under a v acuum as previ- 
ouslj described The residue thus left was readj to be dissolved m abso- 
lute ethyl alcohol and the procedure was earned out as outlmed for the 
non-sapomfied sample 

To check whether loss of vitamm A occurred w hen the method was ap- 
plied to blood, samples of the blood plasma from Holstein cattle on limited 
carotene mgestion and from dogs and sheep w ere used These blood plas- 
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mas had httle or no carotene present and thus permitted accurate deter- 
mmation of the vitamm A both before and after application of the separa- 
tion procedure The results are shown m Table I These results show 
that the method w as apphcable to blood without loss of i itamin A Xon- 
saponified evtracts gave reliable results w ith sheep and cattle blood but m 
the case of the dog blood saponification was necessar}' to pre\ent loss of 
vitamm A which otherwise occurred These data suggest that the vita- 
min A m sheep and cattle blood plasma was present as the free alcohol, or 
as a soluble ester, while in the dog blood plasma it was present as an ester 
insoluble under these eonditions 

In Guernsey cattle the vitamin A content of blood which contamed high 
levels of carotene was equally well determmed by this method Because 
of the high carotene concentrations, recoveries of added vitamin A alcohol 
were used as a check on anv vitamin A loss The recovenes were made by 
compaiing the increase in the Carr-Pnce reaction resulting from additions 
of vitamin A to duplicate samples before or after filtration This pro- 
cedure gave an accurate means of ascertammg whether any of the added 
V itamin A w as retained in the precipitate Representative results are given 
in Table I It is seen that both non-saponified and saponified samples 
yielded good recoveries of the added vitamin A alcohol when the precipita- 
tion-filtration procedure for the separation of carotene w as used How ever, 
analjses of non-saponified samples gave values for vitamin \ which w'ere 
only 87 to 95 per cent of those obtained with saponified samples Thus 
for the greatest accuracy the sample should be saponified, but for com- 
parative results the non-saponified samples can be used adv antageouslj 
Data collected from the unsaponified blood plasma samples of 73 Guernsey 
cattle gave carotene values ranging from 54 to 2070 y per 100 ml of blood 
plasma, with an average value of G82 y, while vitamin A values ranged 
from 3 0 to 29 7 y per 100 ml of blood plasma wath an average of 16 2 7 
per 100 ml 

In further studies on blood plasma in Guernsejs the effect of alcoho 
concentration upon the amounts of carotene, vanthophylls, and vitamm A 
appeanng in the filtrate w as determined Fig 3 shows the results obtaine 
with a saponified plasma extract from Guernseys The concentration 0 
the vanthophylls was estimated by phosphonc acid extraction (10) T ® 
rapid decrease in the carotene content of the filtrate as contrasted ^ ® 
slowei decrease m xanthophyll content and the mamtamed vitamin 
content is readily ev ident 

In various trials with Guernsey blood, from 67 to 90 per cent 0 
carotenoids in the filtrate after carotene precipitation was found to e 
vanthophylls Saponification increased the xanthophyll content o 
filtrate roughly 3 to 4 times Hence, a correction for the Carr-Pnce rea 
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tion of the \anthophylls was evaluated A saponified extract in petroleum 
ether was chromatographed on calcium carbonate as m the procedure of 
Wald (11) The position of \ itamm A on the column nas located by pamt- 
mg with antimony trichloride in chloroform, and the xanthophyll zone 
carefully separated and extracted with petroleum ether contammg a small 
amount of methjl alcohol The galvanometer deflection and the Carr- 
Pnee reaction of the isolated xanthophj Us w ere then determined Fig 2 
shows the results of these observations The relationship between the 
galvanometer deflection produced by the xanthophylls (Lw,) and the 
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Fig 3 The effect of alcohol concentration on the carotene, xanthophylls, and vita- 
min A in the filtrate from a saponified extract of plasma from Guernsey cattle The 
xanthophylls are expressed as the micrograms of carotene equivalent to the gal- 
vanometer deflection produced by the xanthophylls For the description of the 
experimental procedure see the text 

necessary correction to be subtracted from the vitamin A reading {Luo) 
IS thus readily discernible 

When applied to milk extracts the carotene precipitation procedure gave 
fair results, but was not as successful as when apphed to blood extracts 
Recovenes obtained represented 84 to 93 per cent of the original vitamm A 
present and 85 to 95 per cent recovery of added vitamin A alcohol How^- 
ever, milk samples do not normally contain sufficient carotene to warrant 
its separation from vitamm A 

SOMMAKT 

A simple procedure for the separation of carotene from vitamm A has 
been described The method is based on the differential solubihties of 
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carotene and vitamin A in ethyl alcohol The carotene is precipitated from 
absolute ethyl alcohol solutions by dilution and is separated from the 
vitamin A by filtration The method has been successfully apphed to 
solutions of pure vitamm A and carotene and to extracts from vanous blood 
samples It is particularly valuable for the determmation of vitamm A. 
m blood samples contammg high concentrations of carotene The method 
IS apphcable to solutions contammg carotene far m excess of the vitamm 
A content but it ■mU not remove the last traces of carotene or xanthoph} Us 
from ■ntamin A solutions 
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^Methods for the determination of urea in biological fluids have passed 
through an interesting cycle (c/ Peters and Van Slyke (3) pp 539-544) 
The earhest procedures were atnctly chemical ones, mvolving precipitation 
of the urea as an insoluble mercury complex or decomposition of the urea 
by means of heat or hypobromite The use of the highly specific enzyme 
urease occurnng m the jack and soy bean, mtroduced m 1913 by Marshall, 
has been the foundation of all generally accepted procedures smee that 
time, although heat and hypobromite are still occasionally employed chm- 
cally as bemg more convement than urease The most vadely used modifi- 
cation IS that m which the ammonia formed by enzymatic action is aerated 
into acid and titrated or nesslenzed Many attempts have been made to 
work out a simpler procedure with direct nesslenzation of the urease- 
treated filtrate in order to avoid aeration, however, turbidity too often 
materializes to warrant the wide acceptance of direct nesslenzation 

Fosse mtroduced xanthydrol as a reagent for precipitatmg urea, but this 
method has not gamed ivide usage, prmcipally because of its lack of depend- 
abdity In 1942, Ormsby reported a tecbmque for the direct colonmetnc 
determmation of urea itself, usmg diacetyl monoxime, a reagent employed 
by Fearon for the estimation of citrullme (2) Thus, the determination of 
urea has turned away from enzymatic methods and back to more stnctly 
chemical ones This change certainly mvolves a decrease m specificity, but 
at the same time a tremendous mcrease m convenience Urease methods 
Will remam the standards of reference, but need not be required for many 
ordmary purposes The present paper desenbes a further modification of 
the diacetyl monoxime procedure, rendenng it more uniform and con- 
vement 

EXPERIMENTAL 

Reagents — 

Sulfunc acid A 50 per cent by volume solution This should be pre- 
pared by the cautious addition of 500 ml of c p sulfunc acid to 500 ml of 
distilled water m a Pyrex vessel The solution should be thoroughly cooled 
after bemg mixed, transferred to a hter volumetnc flask or to a graduated 
cylmder, and made to volume This elaborate procedure ehmmates gross 
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variabilities resultuig from the volatilization of v ater from the hot mixture 
as the acid is being added 

Diacet} 1 monoMme 3 per cent aqueous solution Tins solution can be 
kept indefinitely if stored in a refngerator v hen not in use It is even stable 
for 4 weeks at room temperatures of 30-40°, after which time there are 
indications of changes in the solution 

Potassium persulfate 1 per cent aqueous solution Samples of this 
reagent have been kept in the refngerator for as long as 8 w eeks, and one 
solution for 6 weeks at elevated room temperatures, with no indication of 
deterioration However, it would seem wise to renew the solution every 
4 to 6 weeks, and to store it, when not m use, in a refrigerator 

Urea standards A convenient stock standard is one which contams 
exactly 1 mg of urea N per ml , obtained bj dissohang 1 0717 gm of desic- 
cator-dried c p urea in distilled water and making the solution to 500 ml 
A few drops of toluene or chloroform should be used as a preservatne 
This stock solution can be diluted to whatever concentration maj be 
desired 

Proletn Prectpilalton—The routine Fohn-Wu tungstate or Somogji’s 
zinc procedures can be used (c/ (3) p 65) If tlie latter is to be employed, 
the modification m which an acid zuic sulfate solution is used (4) is recom- 
mended Trichloroacetic acid does not give satisfactory results 

Procedure 

If the blood urea level is completed unknown, 1 0 ml of a 1 10 protein- 
free filtrate is used plus 1 0 ml of distilled water, if the level is known to be 
less than 75 mg of urea N per 100 ml of blood, 2 0 ml of filtrate are used, 
wuthout the addition of w'ater In urea clearance tests, the greater ac- 
curacy of the procedure wuth 2 0 ml is highly desirable 

The 2 0 ml of urea-contammg solution are placed in a Klett-Summerson 
colorimeter tube,' follow ed by 0 25 ml of the 3 per cent diacetyd mononme 
solution 4 ml of the 50 per cent sulfuric acid are added, and the contents 
thoroughly mixed 

The tubes are placed in a suitable rack, and put into vigorously boilmg 
water for 10 mmutes Glass marbles are used to cover the open ends o 
the tubes w hile they are being heated At the end of the 10 minute heating 
penod, 0 25 ml of the 1 per cent persulfate solution is added to each tu c 
not later than 5 mmutes after the tubes are taken from the bath Eac 
tube should be shaken immediately^ after the persulfate is added to mix t e 
contents thoroughh and quickly The tubes are then left at room tern 
perature 

* Or any convenient tube In this laboratory, especially selected Pyrex test 
Iso 9820 arc used, since they have lips and are more rugged than the tubes supp 
with the Klett-Summerson instrument 
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The colorimeter readmg on each tube should be made 15 minutes after 
the addition of persulfate In this laboratory, the readings are made Ritli 
a Ivlett-Summcrson photoclcctnc colorimeter (5), with the IClett No 42 
blue filter If the reading is higher than 500, representing more than 150 y 
of uiea N, the determination can be saved by addmg 5 0 ml of distilled 
Rater, mixing thoroughlj , and readmg Such a dilution tested on standard 
solutions, urines, and urenuc blood filtrates contammg up to 250 y has 
given, Rithin 5 per cent, the same mtensity of color as that produced b}^ 
usmg one-half of the original ahquot By this simple expedient, the range 
of the method can be extended by two-thirds, to 250 mg per cent of urea N 
The procedure has been successfully apphed to unne, vithout any 
necessitj' for the preliminary removal of ammonia vith permutit A 
com enient dilution for normal unnes has been found to be 1 200 if 2 0 ml 
are to be used, or 1 100 mth 1 0 ml If unusually dilute or concentrated 


COLORIMETER 

READING 



Fig 1 Eelationship between colorimeter reading and micrograma of urea N in 
the aliquot used 

unnes are encountered, these dilutions must, of couise, be altered cor- 
respondmgly 

Results mill Method— Fig 1 shons the relationship obtained in this 
laboratory between micrograms of urea N and colorimeter readmgs (after 
the blank value for the reagent is subtracted) It mU be noted that a 
straight line is obtained below 40 y, enablmg one to use a simple propor- 
tionality calculation for this lower portion If amounts higher than 40 y 
are encountered, the curve must be used ^Tien the aliquot is 1 0 ml of a 
1 10 filtrate, the dilutions are such that the raicrograms of urea N in tlie 
1 0 ml are also the milhgrams of urea N per 100 ml of blood When 2 0 
ml of filtrate are taken, the x alue in nucrograms must be dix ided bj 2 m 
order to give mg per cent Amounts present m filtrates representing dilu- 
tions other than 1 10, in aliquots other than 1 0 oi 2 0 ml , or m diluted 
unnes can easily be calculated 



456 


COLORIMETHIC DETERMINATION OF UREA 


It IS now generally recognized that any colorimetnc procedure is more 
accurate if a photoelectnc colorimeter is used instead of visual comparison 
of the colors, this is especially true for yellows However, many readmgs 
of blood filtrate and urme colors have been performed m this laboratory 
with a visual colorimeter containmg a blue filter Provided that not less 
than 20 y of urea N are present m the sample taken, clmically satisfactoiy 
results have been obtamed This necessitates the use of 2 0 ml of filtrate 
for normal blood 

Proof of Method — ^The customary comparison and recoveiy tests have 
been conducted ivith this procedure Table I summanzes the results ob- 
tamed ivith human blood As the reference, a well standardized urease 
procedure was used, m which the ammoma formed from the urea by the 
enzyme was diffused over mto acid m a Conway umt and determmed by 
nesslenzation (1) Most of the results shown w ere obtained on the Folm- 
Wu tungstate filtrate, as can be seen from Table I, good agreement was 
obtamed between the two procedures applied to filtrates covenng a wide 
range of values Furthermore, 5 0 to 100 0 mg per cent of urea N added 
to various blood samples before protein precipitation were quantitatively 
recovered The Somogyi zmc precipitation was also employed m many 
instances, and m general proved to be satisfactorj" However, m several 
cases of very low urea levels, the zmc filtrate gave distinctly lower values 
than the tungstate, as mdicated by the use of urease No recoveries of 
added urea were made m these instances, and the cause of the low results 
IS not known 

Table II shows that equally satisfactory results can be obtamed with 
human urmes The values obtamed with this diacetj 1 monoxime techmque 
agreed well ivith those obtamed when urease was used, and the recovenes 
were excellent Inasmuch as ammonia does not react with the diacetyl 
reagent, urmes do not need to be treated with permutit, but can be diluted 
_and run directly The pigment should be adequately disposed of by the 


1 200 dilution, if not, permutit can be used for decolonzation 
No attempt has been made m this study to check all the substances which 
might yield color with this procedure Such complete lists are available 
for other procedures with a diacetyl monoxime reagent (c/ Ormsby (2)) 
It w as thought quite adequate to determme the effects of only those sub- 
stances likely to be encountered m blood and unne Uric acid, creatme, 
creatinine, and several ammo acids (gljxme, alanine, glutamic acid, ar- 
gmine, lysine, asparagine), all in amounts equivalent to 20 mg of h* per 
100 ml of blood, gave no color themselves and did not interfere with t e 
color intensity of 20 mg per cent of urea N Neither ammonia equiva en 
to 50 mg of N per 100 ml of blood nor glucose (500 mg pei cent) reacted 


or interfered 
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AUantom, on the other hand, gave about 70 per cent as much color as 
urea when calculated on the basis of the two ureido nitrogens (a logical 
procedure, smce the essential difference between allantom, vhich reacts, 
and unc acid, which does not, is the presence m the former of the opened 

Table I 


Delermtnalton of Urea tn Human Blood 



Biacetyl monoume method 

Urease 

method 

Simple No 

Folm Wu filtrate 

1 Sonogyi filtrate 


UrcaN 

Added 

Recovered 

UreaN 

Added 

Recovered 

UrcaN 


mt /er cent 

tng per cent 

Per cent 

mg per cent 

mg per cent 

per cent 

mg per cent 

1 

52 



4 5 



5 7 

2 

6 3 

10 0 

96 

5 2 



6 9 

3 

6 3 


1 

5 1 



6 4 

4 

7 1 



6 0 



7 0 

S 

7 2 

15 0 

95 

6 8 

15 0 

99 

6 8 

6 

7 6 



6 1 



8 0 

7 

10 1 

10 0 

98 

9 2 

10 0 

97 

9 8 

8 

10 1 



9 4 



9 9 

9 

10 7 

IS 0 

102 

10 7 

15 0 

92 

10 6 

10 

11 1 

100 0 

98 




10 9 

11 

11 2 

10 0 

98 

10 6 

10 0 

85 

11 3 

12 

12 2 

10 0 

93 

11 4 

10 0 

95 

12 3 

13 

14 0 



13 7 



14 6 

14 

16 1 

5 0 

105 

15 2 

5 0 

106 

16 3 

15 

17 3 

30 0 

95 

14 2 



17 8 

16 

17 8 

10 0 

97 

18 1 

10 0 

95 

1 17 9 

17 

18 8 

10 0 

100 




i 18^ 


1 

20 0 

96 





18 

21 4 

SO 0 

102 

21 2 

50 0 

99 

22 0 

19 

33 2 

1 


32 8 



33 4 

20 

45 5 



45 5 



45 2 

21 

50 5 



50 0 



51 6 

22 

51 7 


1 




51 4 

23 

51 8 






53 6 

24 

54 0 






63 2 

25 

57 9 






57 0 

26 

62 2 

50 0 

100 

61 7 

50 0 

98 

61 3 

27 

71 1 



69 4 



71 0 

28 

76 0 



77 2 



74 0 

29 

116 0 



116 0 



113 5 

30 

316 0 

25 0 

97 

315 5 

25 0 

96 

302 5 


ureido cham) This is of no concern for human blood or unne Houever, 

m the analysis of blood or unne from animals ivith a high uncol34ic mde\, 
such as the dog, the colorimetric values should represent urea plus allantom 
From Tables II and III, it can be seen that the diacetyl monowie method 
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COLORIMETRIC DETERSHNATIOE OF UREA 


applied to dog blood and urine has been found to give consistentlj more 
“urea N” than the urease technique In the case of the urines, the dif- 
ferences are small (about 5 per cent), and ma-v veil represent allantoin 
Hov e\ er, on the tungstate filtrates this difference m as 1 to 6 mg of “urea 
Is” per 100 ml of Iilood, aseraging 3 7 mg per cent, as compared nath the 
as erage true urea N of 12 4 mg per cent (about 30 per cent) IVhen this 
value IS multiplied bj the factor 8 3 (color from 1 00 mg of urea N = color 
from 1 47 mg of allantoin ureido N = 8 30 mg of allantom), an average of 

Table II 


Delerminalion of Urea tn Human and Dog Urine 



j Human 

1 Dos 

Soraple 

No 

Diacetjl mononmc method 

Urease j 
method | 

Diactt> 1 monoome method 

Urease 

method 


UrcaN 

Added 

Recov 

er«d 

UrcaN 

UreiN 

Added 

Recov 

ered 

UreaN 


n{ Per 
lOOmt 

mg Per 
m ml 

per tent 

mg per 
JOO ml 

nr per 
JOO ml 

mr #«• 
m ml 

per cent 

mg per 
100 ml 

1 

105 

200 

97 

109 

25 



25 

2 

275 

50 

97 

281 

35 



32 

3 

374 



381 


50 

96 

124 

4 

431 

200 

99 

428 


100 

101 

261 

5 

438 



430 


200 

95 

434 

6 

463 

100 

96 

477 

754 



728 

7 

480 

200 

96 

490 

1 785 

100 

99 

763 

S 

485 

100 

102 

476 

2932 

500 

97 

2993 

9 

513 

200 

101 

525 

6618 



6347 

10 

661 

50 

95 

548 

7204 

200 

96 

6843 

11 

587 



603 





12 

589 j 

100 

98 

580 





13 

725 



731 







31 mg per cent of allantom is obtained This is so high as to cast consid- 
erable doubt on interpretation of the difference as allantom 

It Mali be noted from Table III that zinc filtrates usuallj'^ gave values for 
dog blood loM er than did tungstate, but still considerably above the tnie 
(urease) values In folloMang this up, m e precipitated blood protems bj a 
variet}' of other reagents, but Mathout findmg anj improved filtrate E' en 
the use of plasma instead of uhole blood did not alter the results 
onlv procedure vhich Mas found to yield \alues close to the tniC onK 
mvoUed the treatment of the Somog}a filtrate Math pennutit In e 
experiments listed m the loMer portion of Table III, 7 0 ml of ziim me 
Mere shaken 5 to 10 imnutes Mith 1 gm of permutit” and filtered e 

’ Although the permutit used Mas labeled “Prepared according to 
Fobn,” it M as found neccssarj to wash it several times Math distilled ^ 

a fine, slowly settling material The remaimng permutit was oven dne 
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Zinc filtrate values, previously 15 to 45 per eent too high, were brought 
down to —5 to +8 per cent of the urease figures by this procedure That 
this decrease Mas not due to the removal of urea is supported by the 


Table III 


DeUrminalton of Urea in Dog Blood 



1 Biacetyl monoziroe method 

Urease 

Simple No 

FoIjd Wu filtrate 

1 Somogyi filtrate 

method 


UreaN 

Added 

Recov 

ered 

UreaN 

Added 

Recov- 

ered 

PcrmuUt 

value 

UreaN 


Wf 

pet cent 

mt 

per cent 

per eent 

per cent 


Per cent 

mg 

per cent 


1 

11 8 

15 0 

106 

11 6 


98 


IQ9 

2 

12 8 








3 

13 5 







12 2 

4 

14 2 

15 0 

103 

13 2 

15 0 

101 


10 4 

5 

15 3 

10 0 

98 





14 0 

6 

15 5 

15 0 

101 

14 3 

15 0 

100 


10 1 

7 

15 6 

10 0 

96 

14 1 

10 0 

99 


13 0 

8 

16 5 

15 0 

97 

14 1 

15 0 

98 


10 0 

9 

17 4 



15 6 




13 6 

10 

18 3 



16 6 




14 1 

11 

18 8 

10 0 

95 

16 9 

10 0 

97 


14 1 

12 

19 3 



17 0 




15 0 

13 

21 2 



19 2 




15 9 

Average 

16 2 


100 

15 3 


99 


12 5 

1 

9 8 



IB 




9 2 

2 

11 5 







9 4 

3 

11 8* 



11 6 




8 9 

4 

13 1 



13 0 




11 0 

6 

14 2* 



13 2 




10 4 

6 

15 5* 



14 3 



10 1 

10 1 

7 

16 5* 



14 1 



9 7 

10 0 

8 

16 5 



15 6 



13 1 

12 1 

g 

22 0 






15 7 

15 0 

10 

22 2 






18 0 

16 8 

Average 

15 3 



14 6 



11 6 

11 3 


* These values are duplieated in the upper portion of the table 


quantitative recovery of urea added to the filtrate before treatment ivith 
permutit 

Spectrophotometnc study, with a Beckman quartz spectrophotometer, 
was undertaken m an attempt to obtam further information on the source 
of the extra color jnelded by filtrates of dog blood As can be seen from 
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COLOHIMETKIC DETERMINATION OF IraEA 


Figs 2 and 3, the absorption curves of human and dog urmes and of human 
blood filtrates correspond very closely to the standard urea curves In 
contrast, the dog blood filtrates show considerable deviation from pure urea 
in the region of 400 to 450 m/i (and also from 500 to 550 m/i, although this 
region is not transmitted by the blue filter used), especially marked when 
the Fohn-Wu filtrate is used Curves for allantom and citruUme are 
included, the latter taken from Onnsby (2) The absorption characteristics 
of the allantom color so closely resemble those of the color with urea as to 


TRANSMISSION 



Fig 2 Absorption characteristics of the diacetyl monoicime color with human 
unne and blood filtrates 


make even quahtative identification m a mixture impossible, this combmes 
well with the reason previously advanced for not considermg aUantoin 
responsible for much of the difference between colorimetric and ureaK 
values actually found nith dog blood If citruUme were present, consi 
erable flattemng of the typical absorption peak at 476 m/i would to ex 
pected Smce this was not found with the filtrates, citrulhne can proba y 
be ruled out Study of the permutit-treated zmc filtrates revealed o y a 
non specifically decreased absorption all along the curve 
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DIBOTSSION 

Analytical Precautions — ^Although the procedure has been sunphfied to 
the point of uniform use of 2 0 ml of aqueous urea solution and 4 0 ml of 
50 per cent sulfuric acid, 1 0 ml of filtrate can be used with 5 0 ml of 40 per 
cent acid Logically, this relationship could be earned out to 4 0 ml of 
filtrate and 2 0 ml of concentrated sulfunc acid, if very dilute urea solu- 
tions ■were to be encountered, or to give a deep color for •visual colonmetrj' 
This can be done, but the results are crtremely erratic, because the addition 

TRANSMISSION 



Flo 3 Absorption characteristics of the diacetyl monoxime color with dog unne 
and blood filtrates 

to 'water of sulfunc acid any stronger than 50 per cent evolves so much heat 
that the 10 min ute heatmg penod at 100° cannot be judged tvith any ac- 
curacy Coohng could probably be resorted to, but was considered to 
mtroduce an unjustified comphcation 
As mdicated under “Procedure,” the penod of heatmg at 100° should be 
10 mmutes § mmute on either side of this does not significantly alter the 
results, longer heatmg produces an undesirable darkenmg As Ormsby 
noted, the tubes must be kept out of any direct sunlight dunng and after 
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COLOimiETRIC DETERSro. ^TION OF TJEEA 


the heating Such exposure causes a premature de\ elopment of the color, 
followed by a rapid fadmg In fact, the determination is best earned out 
in a part of the laboratory defimteh removed from mndons, to a\oid eien 
indirect glare There is, how e\ er, no advantage m keeping the tubes in 
complete darkness 

The addition of the persulfate to the hot solution is ad\ antageous m that 
maximum color development is achieved vnthin 15 mmutes for all amounts 
of urea If the tubes are thoroiighlv cooled before the addition of per 
sulfate, the time course of color dev elopment v anes vndelj , according to 
the amount of urea present It has been found unnecessarj to control the 
actual temperature of the tubes at the time of persulfate addition, prov ided 
this is done wuthin 5 minutes after removal from the water bath The 
tubes ordmanlv are still warm at the end of the 15 minutes, when the colois 
are to be read If there appears to be am particular reason for desiring 
cool solutions, the tubes ma} be placed m cool tap w ater dunng the 12 to 
14 mmute interval without altenng the results 

After the maximum color dev'elopment is reached, fading becomes notice 
able to the extent of about 0 3 y per 5 mmutes, the same in blood filtrates 
and unnes as m standard solutions The percentage error caused b) this 
fading depends, of course, on the total amount of urea N present With 
20 y, from 2 0 ml of a 1 10 filtrate of normal blood, 0 3 t represents an 
error of —1 5 per cent It will readilv be seen that an extra 15 mmute 
delav in readmg the colors would produce less than 5 per cent error If 
the blood urea N level is elevated, the error will be correspondmgb less 
The number of determinations that can be performed in one senes with 
onlj a 5 per cent error due to fadmg thus depends upon the analjsts 
ability to add persuKate to all tubes wuthm the 5 mmute lumt and oppor 
tumtj to read all colors betw een 15 and 30 mmutes later The maximum 
number will usuallj be found to be about twenty smgle analjses, or ten in 
dupheate, vv hen a photoelectnc colorimeter is av ailable If a vusual colonm 
eter must be used, the readmgs are slower, but this is compensated for bj 
the fact that the standards wall fade along wath the unknowais For the 
most accurate results wath tlus procedure, a definite routme should be 
w orked out for the entire process from the time of addition of the acid to 
the readmg of the colors If the steps mvmlv ed are v aned too wadelv , t e 
results obtamed can be axpected to be erratic 

Preservatiies — If blood filtrates or urmes are not to be analj zed promp ' 
aftei thej havre been obtained, thev should be stored in a refngerator a er 
the addition of a drop of toluene or chloroform Thvanol interferes wa 
the reaction, and must not be used r 

The advantages of a direct colonmetnc method for the deterrmna 
urea are apparent to anjone who has used urease procedures, especia 
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DISCUSSION 

Analyhcal Prccauliom — Although the procedure has been simplified to 
the point of uniform use of 2 0 ml of aqueous urea solution and 4 0 ml of 
50 per cent sulfuric acid, 1 0 ml of filtrate can be used with 5 0 ml of 40 per 
cent acid Logically, this relationship could be earned out to 4 0 ml of 
filtrate and 2 0 ml of concentrated sulfunc acid, if very dilute urea solu- 
tions v,eTe to be encountered, or to give a deep color for visual colonmetrj' 
This can be done, but the results are extremely erratic, because the addition 

TRANSMISSION 



Flo 3 Absorption characteristics of the diacetyl monoxime color with dog unne 
and blood filtrates 

to water of sulfunc acid any stronger than 50 per cent evolves so much heat 
that the 10 min ute heatmg penod at 100° cannot be judged with any ac- 
curacy Coohng could probably be resorted to, but was considered to 
mtroduce an unjustified comphcation 
As mdicated under “Procedure,” the penod of heatmg at 100° should be 
10 mmutes § mmute on either side of this does not significantly alter the 
results, longer heatmg produces an imdesirable darkenmg As Ormsby 
noted, the tubes must be kept out of any direct sunlight durmg and after 
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the heating Such e\posure causes a premature dev elopment of the color, 
followed by a rapid fading In fact, the determination is best carried out 
in a part of the laboratoo defimtelv’’ removed from windows, to av oid ev en 
indirect glare There is, however, no advantage in keeping the tubes in 
complete darkness 

The addition of the persulfate to the hot solution is adv'antageous in that 
maximum color development is achiev ed vnthm 15 imnutes for all amounts 
of urea If the tubes are thoroughlv cooled before the addition of per 
sulfate, the time course of color dev elopment v anes vndelj , according to 
the amount of urea present It has been found unnecessary to control the 
actual temperature of the tubes at the time of persulfate addition, provided 
this IS done within 5 minutes after removml from the water bath The 
tubes ordmarilv are still warm at the end of the 15 mmutes, when the colors 
are to be read If there appears to be anj particular reason for desinng 
cool solutions, the tubes maj be placed in cool tap w ater durmg the 12 to 
14 minute interval without altering the results 

After the maximum color development is reached, fading becomes notice- 
able to the extent of about 0 3 y per 5 mmutes, the same in blood 61trates 
and urmes as m standard solutions The percentage error caused by this 
fading depends, of course, on the total amount of urea N present With 
20 7 , from 2 0 ml of a 1 10 filtrate of normal blood, 0 3 y represents an 
error of —1 5 per cent It will readilj be seen that an extra 15 mmute 
delay in readmg the colors would produce less than 5 per cent error If 
the blood urea N level is elevated, the error wall be correspondmglj I® 
The number of determmations that can be performed in one senes vnth 
onlj’’ a 5 per cent error due to fadmg thus depends upon the anahsts 
abihtv to add persulfate to all tubes wuthin the 5 minute limit and oppor 
tumtj to read all colors between 15 and 30 mmutes later The maximum 
number will usuallj be found to be about twent}^ smgle analjses, or ten in 
duplicate, when a photoelectnc colorimeter is av ailable If a vusual colonm 
eter must be used, the readings are slow er, but this is compensated for b) 
the fact that the standards w ill fade along wuth the unknowns For t e 
most accurate results wuth this procedure, a defimte routine should e 
w orked out for the entire process from the time of addition of the aci o 
the reading of the colors If the steps mv olv ed are vaned too widel} , t e 
results obtained can be expected to be erratic . 

Preservahies — If blood filtrates or unnes are not to be analyzed promp ) 
aftei they have been obtained, thev should be stored m a refrigerator a e^ 
the addition of a drop of toluene or chloroform Tin mol interferes wi 
the reaction, and must not be used 

The advantages of a direct colonmetnc method for the determma lo^^^^ 
urea are apparent to any one who has used urease procedures, especi 
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The recent studt by Gordon, Martin, and Synge (1) of the partial acid 
hj drolysis products of gelatin illustrates the value of this type of approach 
to the problem of protem structure These mvestigators used electro- 
dialysis to obtain basic and neutral fractions from the partially hydrolj zed 
protein, and then by the use of chromatographic adsorption uere able to 
isolate from the neutral fraction the acetyl derivatives of a number of pep- 
tides 

In the present study of the digestion products of casein, proteolytic 
enzymes have been employed as h 3 drol 3 d.ic agents Synge (2) points out 
that simultaneous synthetic reactions may compheate the charactenzation 
of enzymic hj'drolytic products While this possibility of peptide bond 
s 3 Tithesis cannot be dismissed, it is significant that certam physicochemical 
properties of the digestion products are very similar and reproducible when 
samples of a given protem are digested by different proteolytic enzj mes 
Although the final peptide-ammo acid mixture may represent the net efifect 
of hydrolytic and synthetic reactions, it appeared of mterest to compare 
these non-protem products from the followmg standpomts free amino acid 
content, number of ammo acid residues m the average molecule, behavior 
upon electrodialysis, specific rotation, percentage of mtrogen, and average 
molecular weight 

Also, the products from short penods of protem digestion were compared 
with those obtamed by prolonged protease action The purpose of this 
comparison was to test further a recent theory of the nature of protem 
cleavage, formulated by Tiselius and Enksson-Quensel (3) These in- 
vestigators found tliat the non-protem products formed during the digestion 
of ovalbumm by pepsm had an average molecular weight of 1080, as meas- 
ured by electrophoretic, sedimentation, and diffusion methods Smee there 
were no significant amounts of products of relatively high molecular w eight, 
they concluded that, m the process of proteoljsis, relativeh’' few protein 
molecules are split very rapidly in each time mterval, rather than that a 
general slow cleavage of all of the molecules occurred simultaneouslj This 
view IS supported b 3 the observation of Haugaard and Roberts (4) that the 
ratio of ammo to total mtrogen of the non-protem products remains con- 
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ENZYillC HYDROLYSIS PRODUCTS OF CASEIX 


stant throughout the digestion of lactoglobuhn by pepsin This nitrogen 
ratio, and also the specific rotation, of the digestion products is determined 
m the present study for both the initial and late stages ot the hydrolysis of 
casein by different proteases 


EXPERIMENTAL 

Materials — Casein was used as the substrate in all protease digestions 
because of its high digestibihty and high specific rotation The protein was 
prepared by the method of Van Slyke and Baker (5) The white product 
contamed 15 4 per cent nitrogen, calculated on an ash- and moisture free 
basis The enzymes were crystalhne preparations, except the papain, 
which was Merck’s vanety The activity of the enzymes was not assaj ed 
quantitatively, but their potency is indicated by the fact that the n eight 
of casern was 100 to 200 times that of the proteases used m the digestions 

Digestions — The details for each senes of digestions aie given in Tables 
I to III In the experiments described in Table I, tests on samples of the 
final digests indicated that the convei-sion of protein to non-protem matenal 
was 95 to 100 per cent complete This was judged from measurements of 
the percentage of the total nitiogen which was soluble m 5 per cent tn 
chloroacetic acid solution The casein-pepsin digestion was not quite as 
complete as the others, since about 10 pei cent of the piotem was still 
precipitable by trichloroacetic acid after 36 hours 

In Table II completion of the peptidase action was not attempted, wlule 
in Table III the products are from only the initial stages of digestion 

Total Nitrogen — Aliquots of solutions were analyzed by the micro- 
Kjeldahl method 

Ammo Nitrogen — The Van Slyke nitrous acid method w as used to deter 
mme the sum of the ammo nitiogen of peptides plus that ot free ammo acids 

1 or 2 ml samples of solutions were analyzed In agreement with the 
observation made by Pope and Stexens (6) for the tiyptic digestion o 
fibim, a shaking time of 16 to 20 minutes at about 25° w as louiid necessary 
for complete (maximum) evolution of nitiogen gas Close agreement was 
obtamed xvhen the same solutions were analy zed for amino nitrogen by t le 
copper method of Pope and Stevens 

Carboxyl Nitrogen — The a-ammo nitiogen of fiee amino acids was de er 
mined by gasometric measurement of the equivalent amount of car on 
dioxide evolved from the proximal caiboxyd groups, according to t e 
Slyke method (7) 1 or 2 ml samples weie heated with ninhydm a 

2 5m all-glass reaction vessels, and analy'zed on the micio scale Dup ica 

determinations agreed to wntlun 1 to 2 per cent . ^ 

Eledrodialysis — ^Follow mg the digestion of a casein solution wi 
protease (Table I), the mixtuie was heated to 100°, cooled, a jus e 
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ibout pH 7 5 with 6 N HCl oi XaOH, and filtered, if necessary, to remove 
^„r «nd,eestsd p.ol.m .«due 4 b.»l 20 »1 of filtale '« 

nitiogen Lah ses The rest of the filtrate iias subjected to electrodiab sis 
TtS five chambered glass Loddesol apparatus (Central Scientific Com- 
pany The compartments .ere separated by sheets of heavj ceUophane, 
luth rubber ring= between the glass edges and the cellophane The ap- 
paratus Mas assembled ivith the large chamber 
L at one end as the terminal anode compartinent ^he 
in the chamber next to the compartment ivhich the c^th^®^ > 

next to the chamber at the other end of the apparatus Thus the assemmy 
: Sis ed 0? three anode compartments, the d>.Bst contaimng 
meat, and one cathode compartment A1 "e^ ^ Thf mltnum 
contammg the digest) nere filled Mith distilled 

remoial of electrolytes Mith minimum migration of peptides resulted ivitn 

this arrangement i„mn m series a 110 volt direct current 

With an ammeter and a 100 m att lamp ^ 

pW '''““S'* Colg of the solution, me not 
n,s,t„edoon.u,U.U,« 

necessary ^ replaced ivilh The 

(eacept the one inth „ 3 m 4 hours, and then fell 

ammeter reading rose to 0 2 to 0 -5 ampere pH of 

gradually to about 0 02 ampeie a e e final values 

the digest changed graduallj m an acid direction, reachmg 

^Tu^JS: later part of the electrodialys., ^1 chamber except the^d 
anode compartment gave positive Jiure ^ nitrogen owmg perhaps to 
m the end auodechanib. contain^ ^ rutio^gT^e ’negate tests ^or 

raranTmtfJvrdUenyl^^^^^^^^^ 

that oxidation of ammo acids or pep i ^ casern digest nas removed 
At the end of the electrodialj sis period Jhe temperature) 

and concentrated overnight in ^ compensated for the ddution 

to approximately its origmal ' ^me hi^^^ through 

nhich occurred durmg the electrod > solution 

filter paper of fine porosity to gu e a ^ ^ j aliquot of the 

ml,e. Conte., of 

filtered solution was evaporated to „arlpd to flocculate the orgamc 

then sceml ml of absolute eth,l alcohol "‘“"“jfteuh.te residue 

material The alcohol and mter uemeiapmaW^^^^^^^ 

was dried to constant weight at J /corrected for ash) was calculated 
per cent of ash Its mtrogen con e r original solution 

with the aid of the Kjeldahl nitrogen content of the ong 
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Average Molecular Weight of Electrodialyzed Material — The freezing point 
of the solution Yvas compared ivith that of distilled yy ater, the Beckmann 
apparatus being used The ammo acids and peptides remained completely 
soluble at the freezing pomts of the solutions Duplicate deterimnations 
usually agreed to within 0 01° for depiessions of approximately 0 2° The 
gm of solute per 100 gm of water were given Y\ith sufficient accuracy by 
the percentage of sohds m the solution, determined according to the pre- 
cedmg paragraph The molecular weight, reproducible to withm about 
5 per cent, is given by 

1 86 X gm of solid per liter of aolution 
Observed freezing point depression 

An approximate calculation, based on the ash content of the dry organic 
matenal, suggests that the small quantity of electrolytes still remaining 
after electrodialysis ivould be responsible for a freezmg point lowenng of 
about 0 02° m the solutions used Hence, the calculated molecular weights 
would be approximately 10 per cent greatei if a correction could be made 
for this lomc effect 

Specific Rotation — Optical lotation was measured at about 25° with a 
General Electnc sodium vapor lamp as the source of illummation It has 
been shown (8) that variations m temperature and pH have very little 
effect on the optical rotation of enzj'mic digests of casern The observed 
rotations were of the order of 3-5° in a 1 dm tube Duplicate measure 
ments agreed to withm 0 02-0 05° The specific rotations were calculated 
with the aid of the values for the gm of organic solid per 100 ml 


DISCUSSION 

Table I compares the action of five different proteases on casern After 
prolonged digestion, the ammo nitrogen of the filtered solutions constituted 
14 to 19 per cent of the total mtrogen However, in order to express the 
increase m amino mtrogen due to proteolysis, these figures must be corrected 
for the free ammo groups (due to lysine) m casern Analyses by the nitrous 
acid method YVith a reaction time of 18 mmutes mdicated that the free 
ammo nitrogen constituted 5 2 per cent of the total nitrogen m the intact 
casern molecule, m good agreement ivith the value obtained by Van oly e 
and Birchard (9) When 5 2 was subtracted from the values m Column 
of Table I, the increases m ammo nitrogen amounted to from 8 8 to 
per cent of the total nitrogen The latios of the ammo nitrogen hbera e 
by proteases to the ammo nitrogen fieed by complete acid hydrolysis ( 
per cent of the total mtiogeffi) gives the fraction of the total peptide on s 

1 This value was derived from nitrogen analyses on samples of the electroihalyze ^ 
digests, following complete hydrolysis of the latter with 6 N hydrochloric aoi 
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split These ratios, ranging from 0 13 to 0 21, mdicate that the average 
molecules (including free ammo acids) were approximately pentapeptides 
in the chymotrypsm, ficm, and papam digests, and heptapeptides m the 
pepsm and trypsin digests Tisekus and Eriksson-Quensel have concluded 
that the peptic digestion products of ovalbumin have an average of 8 ammo 
acid residues m the peptide chains 

Values for carboxyl mtrogen m Column 4 of Table I show that 1 to 3 per 
cent of the total nitrogen was in the form of free ammo acids The results 


Table I 

Charactenalica of Parlial Hydrolysis Products Formed by Action of Different 
Proteases on Casein 

Approximately 30 mg of protease, m 5 ml of water, and 100 ml of 6 per cent casein 
solution were employed in each, senes The casein was dissolved m an acetic acid- 
hydroohlorio acid mixture for the digestion with pepsin For digestions with the 
other proteases, the casein was dissolved in 0 1 n NaOH, and then adjusted with 6 n 
HjPOi to the desired pH The papain was dissolved in 0 05 u HaCN (adjusted to 
pH 7) instead of in water The ficm did not require activation The enzyme- 
substrate mixtures were incubated for about 36 hours at 40°, with small amounts of 
toluene preservative 



Initial 

pHo{ 

ca&«ui 

sub- 

strate 

Amino 

Nia 

Car- 
boxyl 
N in 
dtges- 
Uon 
prod 
ucts 

Electrodialysti 

Digestion products temaining alter 
electrodialysis 

Protme 

dtges- 

t^n 

prod 

ucts 

Final 

pH 

N mi 
grated 
toward 
anode 

N xm 
grated 
toward 
catb 
ode 

Ammo 

N 

Car. 

boxyl 

N 

N m 
dry 
mate 
rial 

Aver 

age 

mol 

■wt 

Spea£c 

roU 

tJoa 

wf 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

w 

CIO) 

(U) 

(12) 



fer ceni 
cf total 

If 

ferctni 
of total 
N 


per cent 
of total 
AT 

percent 
of total 
N 

per ceni 
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^9 

Chymo- 

trypsin 

Trypsm 

Pepsin 

Ficm 

9 0 

9 0 

1 4 

7 3 

17 7 
14 7 
14 0 

18 9 

B 

5 6 

6 0 

5 8 

6 8 

2 0 

1 3 

0 1 

2 1 

4 8 

3 5 

0 9 

5 7 

15 2 
15 8 
13 1 
17 3 



600 

560 

690 

480 


Papam 

7 5 

19 2 

2 3 

5 9 

1 9 

6 0 


2 1 

14 1 


-78 


with tiypsm agree tvith those reported by Van Slyke, Dillon, MacFadyen, 
and Hamilton (7) Haugaard and Roberts, also usmg the ninhydrm- 


cording to the nitrous acid method, the ammo mtrogen (corrected for ammo nitrogen 
in the intact protein) constituted 69 to 70 per cent of the total mtrogen, while the 
corresponding value obtained by the ninhydnn method was 64 to 65 per cent This 
difference may be due in part to the fact that the former method, but not the latter, 
includes moat of the amide nitrogen of casein However, it may be noted that the 
ninhydnn method, but not the nitrous acid method, includes the mtrogen of proline 
and hydroxyproline 























470 
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carbon dioxide method, found free ammo acids to the extent of 1 to 2 per 
cent of the total nitrogen m peptic digests of lactoglobulm 
The ratios of caiboxyl nitrogen to the ammo mtrogen freed by complete 
acid hydiolysis indicate that from 1 5 to 4 5 per cent of the total amino 
acids of casern iias liberated bj protease action It is mteiestmg that the 
carboxyl and ammo mtrogen values with crude papam do not differ signifi- 
cantly from those with ciystalline ficm and chymotrypsm 
Follow mg electiodialysis, the pH of the digests was between 5 6 and 6 0 
m the five cases Probably the isoelectric pomts of the majontj of the 
peptides were m tins region The neutral character of the bulk of the 
peptides IS indicated by then failure to migrate The nitrogen lost by 
migration of ammo acids and peptides toward the cathode and anode 
ranged from 1 0 to 7 9 per cent of the mitial amount 
The percentages of ammo and carboxyl nitiogen were not altered signifi 
cantly by the electrodialysis procedure Except m the case of the tiypsin 
digest, the values weie slightly lowei, pcihaps reflecting the migration of 
smaller peptides and fiee ammo acids 41so the values would be shghtly 
modified by migration of acidic and basic ammo acids 
The average mtiogen contents of the (diied) electrodialyzed peptide 
ammo acid mixtuies were somewhat lowei than the mtrogen content of the 
oiiginal casein (15 4 pei cent nitrogen), owing presumably to the addition of 
water dunng piotem hvdrolysis 

If the weight of the average ammo acid lesidue of casein is taken as 
approxmiately 115 (10), the moleculai weight values for the electrodialyzed 
materials miply that the average molecules (includmg free ammo acids) w ere 
about pentapeptides m the chymotrjpsin, tiwpsm, and pepsin digests, and 
tetrapeptides m the ficm and papam digests Hence it appears that the 
cham lengths are somewhat shorter when calculated on the basis of molecu- 
lar weights, as compaied with the corresponding estimates demed from 
nitrogen analyses This discrepancj is probably due m part to the small 
amounts of inorganic electrolytes present ks previoush indicated, the 
lesultmg ionic effects would increase slightl}’’ the obsened freezmg pomt 
depressions, and hence give slightly lowered values foi the molecular 
w eight 

The specific rotations in Table I weie lowei than that obtained for the 
original casein, = —103° at pH S 0 kfinquist and Greenberg (H) 
found [aJo = —100° foi casein at pH 7 5 The specific rotation of the 
papam digest was approximately^ the same as the values reported (8) or 
digestion pioducts from the action ol seveial different plant proteases on 
casein solutions , 

The action of a peptidase upon the spht-pioducts fiom digestions wi J 
proteases is indicated m Table II The quantity of carboxy peptidase useci 
was relatively hige compared with the amount of substiate (,1 33) ow 
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ever, most of the enzyme precipitated during the digestioiis as the pH 
changed from 9 0 to about 8 5, and nas removed subsequently by filtration 
The ammo and carbo\-yl nitrogen values are sumlar to those reported for 
digestions with crude trypsm (6) If the ammo mtrogen values are e\- 
pressed as increases (i e corrected us before for the termmal ammo mtrogen 
of lysme), and compared mth the caibovyl nitrogen values, it is found that 
slightly more than half of the molecules m each digest are free ammo acids 

Table II 

dchon of CarioxypepCtdase on Protease Digestion Products 


20 ml portions of three of the electrodialyzed mixtures described m Table I were 
adjusted to pH 9 0 with 6 n NaOH, treated with a suspension of approximately 30 
mg of carboxypeptidase in I ml of water, and incubated for about 24 hours at 40' 


Substrate, casern digested by 

Ammo K 

Carboxyl N j 

Specific rotation 


ptr cent of total \ 

per uni of tofoZ V 

dcirees 

Chymotrypain 

27 3 

11 9 

-83 

Trypsin 

29 5 

12 5 

-79 

Papain 

36 0 

1 

16 8 

-68 


Table HI 

Characlenstics of Hydrolytic Products Following Partial Digestions of Casein by 

Diferent Proteases 

To 20 ml portions of 6 per cent casein, prepared as described in Table I, were 
added 5 mg of enzyme in 1 ml of water (0 05 m NaCN in the case of papain) After 
5 to 10 minutes at 45-50', 5 ml of 20 per cent trichloroacetic acid were added to each 
digestion mixture, and the precipitate of undigested casein removed by filtration 
Analyses were made upon the filtrates In calculation of the specific rotations, it 
was assumed that the non-protein substances contained 14 0 per cent nitrogen 


Protease ' 

pH of substrate 

1 

1 

Anu&o N ' 

Specific rotation 

1 

Chymotrypsm | 

8 8 i 

per cent of total If ^ 

13 6 

tiesreci 

-96 

Trypsin I 

8 8 

15 0 

-89 

Pepsin j 

1 5 

14 5 

-93 

Pioin 1 

7 2 

13 8 

-93 

Papain | 

7 2 

13 6 

1 -90 

1 


However, the ratio of carbo\j 1 nitrogen to the ammo mtrogen freed by 
complete acid hj drolysis indicates that only 18 to 25 per cent of the total 
ammo acids of the casern was liberated These facts confirm the generally 
accepted view that peptidase action consists chiefly in the splittmg of free 
ammo acids from the ends of peptide chains, rather than the cleavage of 
polypeptides into smaller peptide molecules 
The lower specific rotations m Table II are mdicative of further hydrolj - 
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SIS, Since it has been shown (8) that the optical rotation decreases uniformly 
ivith increase in ammo nitrogen durmg the hydrolysis of casern by different 
proteases and peptidases 

Table III gi-ves the ratios of ammo to total mtrogen and the specific rota- 
tions of the imtial products from short periods of digestion of casern hy the 
different proteases Only 5 to 10 per cent of the nitrogen of the substrates 
was converted to non-protem mtrogen m these incomplete digestions 
Companson of the values m Table III with the corresponding data m Table 
I shows that no great changes in the ammo mtrogen or specific rotation of 
the non-protem products occurred between the imtial and the final stages 
of the digestions The largest vanations were in the digestions with ficin 
and papam The results seem to support fairly w'ell the view of Tiselius 
and Enksson-Quensel, and Haugaard and Roberts, that relatively few 
protein molecules are spht rapidly m each time mteiwal m enzymic hy- 
drolysis 


SUMMARY 

A study nas made of the partial hydrolysis products from the actwa os 
casern of the enz5Tnes pepsm, trypsin, chymotrypsin, ficin, papam, and 
carboxypeptidase 

Folloivmg digestions with proteases, the average non-protem molecules 
contained from 5 to 7 ammo acid residues, with 1 5 to 4 5 per cent of the 
total nitrogen m the form of free ammo acids After the removal of m- 
organic electrolytes m electrodialysis, some additional charactenstics of 
the digestion products were determined, mcludmg the mtrogen content, 
specific rotation, and average molecular weight 

The further action of carboxypeptidase on protease digests of casern was 
mterpreted as the sphttmg of free ammo acids from the ends of polypeptide 
chams 

The mitial products from short penods of protem digestion were com- 
pared wnth those from prolonged protease action The specific rotations 
and ratios of ammo to total mtrogen of the products did not differ signifi- 
cantly m these two cases, m agreement with a recent speculation on the 
mechamsm of proteolysis 

The author wishes to thank the followmg for supplies of crystallme 
enzymes Dr M L Anson for the carboxypeptidase. Dr R M Hemott 
for the pepsm. Dr M Kumtz for the trypsin and chymotrypsm, and Dr 
D M Greenberg for the ficm. 
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LETTERS TO THE EDITORS 


THE EFFECT OF POLYA^MINES ON BACTERIOSTASIS BY 
4 , 4'-DIA:\IIDIN0DIPHEN0XYPR0PANE 

Sirs 

Silverman and E\ans* recently showed that the bactenostatic effect 
of atabnne for Eschaichia coli was decreased by presence m the medium 
of polyamines such as spermme, spermidine, tetraethylenepentarmne, 
and tnethyleneteti amine The effect of certam of these compounds on 
bactenostasis bj 4 , 4 '-diamidmodipheno\ypropane,= a drug (“propa- 
midme”)’ which is also effectne in certam protozoal and bactenal mfec- 
tions,-* was determined 

The basal medium used for this investigation has been desenbed,® 
it was supplemented with 1 mg of asparagme, 1 7 of p-aminobenzoic acid, 
and 3 7 of pyndo\me per 10 cc The effects of addmg vanous combma- 
tions of “propamidme diisethionate” and polyammes on the growth 01 
Lactobacillus casct and Streptococcus lactts aie shown m the table Se\ erd 
conclusions njay be drawm “Propamidine” mhibits growth of thC'^e 
bacteria, sensitivity of \anous oiganisms to it vanes consideiably 
Groivth mhibition by it is laigely pieaented bv simultaneous additions ot 
certain polyammes to the medium Foi Lactobacillus casei, triethjlene- 
tetramme is most effectiie in this respect, tetraethj lenepentamine 
and spermidine suppress growth before an> action antagonistic to that 
of “propamidine” appeals For SUeptococcus lochs, speimidine is non- 
toxic at lei els effective m preventmg bactenostasis Tetraethylene- 
pentamme is less effective m preventing bactenostasis than is spermidine, 
and itself shows slight inhibitory action It is much more effective m 
preventing bactenostasis by “propamidine” than tneth} lenetetramine, 
which IS only slightly active m this respect for this organism This effect 
of polyammes is evident only in a limited range of concentrations When 
large amounts of “propamidine” are added, it becomes irrev^ersibly toxic 

1 Silverman, M , and Evans, E A , J Biol Chem , 160, 265 (1943) 

» Ashley, J N , Barber, H J , Ewins, A J , Newbery, G , and Self, A D H , 
J Chem Soc , 103 (1942) 

» This drug was kindly furnished by Dr A J Ewins ot May and Baker, Ltd , in 
the form of its di-tf-hydroxyethane sulfonate) under the proprietary name “propa- 
midine diisethionate ” Dr E A Evans, Jr .kindly tumishedasample of spermidine 

‘ Thrower, W R , and Valentine, F C O , Lancet, 244, 133 (1943) 

» Snell, E E , Guirard, B M , and Williams, B. J ,J Biol Chem , 143, 519 (1942) 
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Growth of some organisms (e g Lactobacillus arabinosus) is inhibited 
only when much higher concentrations of “propamidme” are used than 
are necessary to inhibit Lactobacillus casei Prehnunary results indicate 


Effect of Polyamtnes on Bactenostasis by 4,4' Dtamidinodiphenoxypropane 


Lachbacillut caset 

SlrcPUfcoccus laclts R 

Propamidine 
diisetnioiiate * 
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Galvanometer | 
reading* 

* Propamidine 
diueuionate ’ 
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0 
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3 

0 10 
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41 
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I 

0 
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0 07 

1 “ 

55 




0 10 

1 “ 

50 


TT => tnethylenetetramme, TP = tetraethylenepentamine, SP = spermidine 
phosphate All solutions were neutralized with hydrochloric acid before being 
added to the medium 


♦ Uninoculated medium reads 0, a reading of 100 indicates no hght was trans 
mitted Lactobacillus casei was incubated at 37" for 24 hours, Streptococcus lactis 
was incubated at 30° for 16 hours 

that inhibition of such organisms is not prevented by the polyammes so 
far tested 
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EFFECT OF ACID HYDROLYSIS ON THE ACTIVITY OF 
POLYSACCHARIDES IN THE ENZYMATIC 
SYNTHESIS OF STARCH* 

Sirs 

It has been reported that the synthesis of polysacchandes through the 
action of purified phosphorylase preparations from potatoes or muscle 
requires the presence of natural starch or glycogen These polysaccharides 
have in common branched glucosidic linkages Their etoy as ^ctiva om 
of phosphorylase has been attributed to this fact^ Tbs would seem 
to be plausible since polysaccharides formed m vitro hy potato and muscle 
phosphorylase and wbch appear to be straight cham molecules show 

^°iroMmred that the slight solubility of 

account, in part, for its inability to act as an activator and that partial 
hvdrolvsis unth acid might yield active fragments 

Myte,«.sl,oaO 125 em of 

mSOml ot>v«lerm»25ml volotoelno fla«l ““j ^The 

.Uo„. Odd oddrf to 

temperature \sas mamtained at 27 28 ,, j + nntassmm 

drolyzmg solution uas removed and quickly added to 

hydroxide (about 1 65 n) to bring the pH to 6 0 1 

uas diluted to 10 ml and 1 ml of tbs (equivalent to 0 f 

place of the usual starch m an activity determination essentially like tha 

described by Green and Stumpf ' . , iu ^ nf the tvne 

It IS to be noted in the accompanying table that 
of polysaccharide the activatmg effect is markedly 
hv^olvsis Since corn-starch is about 80 per cent amylopectm whereas 
the so Llled ‘ butanol fraction” of corn-starcb and 

posedly amylose ‘^’^^Otherwise the relatively 

all the mcrease m activity observed 

.Tb..wo,k.„.«PP.n.ab,.p.o‘l"»‘'»0.»I.d«.to..E.=..>=h»- 

tion to Indiana University , r o i no. I’m fl942) 
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Probably it is very significant that the amylopectm-nch polysacchande 
reaches maMmal activation sooner than the starches practically free from 
such branched chain matenal 

The staining reaction mth iodine disappears completely about the time 
the polysacchande begins to decline in activatmg power (see the table) 


Per Cent 0 / Maximal Enzyme Aetivity* 






Length of hydrolysis 

nun 



i 

Achro* 

mic 

poiot 

5 

15 

25 

45 

75 ! 

135 

1 
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nin 

Corn starch 

Bili! 

28 2 

48 7 

51 8 

57 8 

57 8 

61 6 


51 2 

39 9 


240 

Synthetic potato starch 

1 5I 


IBlil 

27 5 

36 7 

47 5 

49 5I 

Bln 

55 0 

56 3 

Eslil 

450 

Schoch’s “butanol frac- 

1 












tion” 

28 2 

31 9 

[35 6 

40 4 

45 7 

57 4 


55 8 


65 4 

ail 

555 


* Maximal activity = activity m the presence of 20 mg of soluble starch per 
determination 


These observations indicate that the acti\ ating effect in polysacchande 
synthesis can be independent of linkages characteristic of amylopectm, 
although the latter may also have marked ability to activate the synthesis 
Moreover, the behavior tow'ard lodme suggests that extensu e fragmenta- 
tion of the polysaccharide molecules can occur without disappearance of 
activating ability It does not seem probable that the effect is due to 
reversion products^ formed from glucose or other hydrolytic matenab, 
because the activity declines after reaching a peak and eventually is 
abolished 
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IHE INFLUENCE OF DEXTRIN UPON THE SYNTHETIC ACTION 
OF PLANT PHOSPHORYLASE* 

Sirs 

Through, the work of Con and Con,* Hanes,® and others it has been 
found that hver phosphorylase acts upon Con ester to form glycogen, that 
muscle phosphorylase m vilro forms material similar to starch, and that 
plant phosphorylase also forms a starch-like substance It has been shown, 
furthermore, that the reaction proceeds very slowly unless a trace of gly- 
cogen or starch is present to act as a primer In this laboratory we find 
that jack bean or potato phosphoiylases can be pnmed with corn-starch 
amjlose, com-starch amylopectin, glycogen, erythrodextrm, achroode\- 
trm, or either of the tno nater-soluble polysacchandes of sweet corn® 
We agree ivith Green and StumpP and Green and Con® that pure maltose 
does not exert any priming action Con and Con® state that ammal 
phosphorylase is not primed by amylose, which shows this enzyme to 
differ from plant phosphorylase 

We find that the nature of the product synthasized from Con ester by 
plant phosphorylase depends upon the kind and amount of carbohydrate 
added to prime the reaction Thus, a small quantit> of achroodevtnn 
\i ill lead to the production of a substance givmg a blue color ivith iodine 
A larger quantity of achroodextnn will cause a product to be formed which 
gnes a red color, while addition of a large amount of achroodextnn will 
cause the production of a substance that gives no color mth iodine In 
each case the quantity of inorgamc phosphate liberated is practically the 
same Our hypothesis is that the enzyme adds anhydro-d-glucose mole- 
cules to what foundation it finds present If a few dextnn molecules 
are present, it foims chains sufficiently long to give a blue color with iodine 
If many dextnn molecules are present, the phosphorylase forms many 
polysaccharide chains of intermediate length and the product resembles 
erythrodextnn It is possible wnth phosphorylase preparations which 
contam amylase that the starch formed will be degraded to erythrodextrm 

* With the financial assistance of the Rockefeller Foundation 

1 Con, G T , and Con, C F ,J Btol Chem , 131, 397 (1939), 135, 733 (1910), 
especially p 736 

* Hanes, C S ,Proc Roy Soc London, Senes B,i2S, 421 (1939-40), 129, 174 (1910) 

* Sumner, J B , and Somers, G P , Arch Biochem , in press 

* Green, i> E , and Stumpf , P K , / Biol Chem , 142, 355 (1942) 

‘ Green, A A , and Con, G T , J Btol Chem , 161, 21 (1943) 

‘ Con, G T , and Con, C F , / Biol Chem , 161, 57 (1943), especially p 5S 
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as fast as it IS formed However, our potato phosphorylase has been 
found to be free from amylase 

Biochemistry Laboratory James B Sumner 

Cornell University G Fred Somers 

Ithaca Eleanor Sisler 

Received for pubbcation, December 22, 1943 



THE PRODUCTION OF A HYDROXYPHENYL COMPOUND FRO^M 
i-PHENYLALANINE INCUBATED WITH LIVER SLICES 

Sirs 

When Lphenylalanine is shaken with slices of rat or guinea pig liver m 
Ringer-bicarbonate solution, a product is formed which, after removal of 
protein, gives a positive test inth Millon’s reagent, diazotized p-mtro- 
anihne, and a-mtrosonaphthol It can be quantitatively estimated mth 
the p-mtroamhne reagent, ivith tjTOsine as a standard Under optimal 
conditions, namely 300 mg net weight of tissue m 40 cc of Ringer’s 
solution containing 1 0 mg of 2-phenylalamne per cc , a yield of 10 to 15 
per cent is obtamed in 4 hours Since the product is probably metabohzed 
further (0 2 mg of added tyrosme disappears under the same conditions), 
this yield probably represents the resultant of its rate of formation and 
disappearance d-Phenylalamne produces less than half the amount of 
the chromogenic substance, and acetylphenylalanme, phenylethylamme, 
and phenylacetic acid produce none Boiled hver shces, broken cell 
suspensions, slices under anaerobic conditions, and kidney slices are m- 
active The Van Slyke estimation of the ammo mtrogen gave the foUow- 
mg results added as Z-phenylalanme, 0339 mg of NHj-N, found after 
4 hours mcubation, 0 328 mg This result was also obtamed by ICrebs ^ 
The ammo mtrogen of added tyrosine can also apparently be quantita- 
tively recovered 

Contmuous extraction with ether for 3 hours fails to remove the product 
from an acid or alkahne solution Therefore no appreciable amounts of 
p-hydroxyphenylpyruvic or lactic acids are formed Amyl alcohol fails 
to extract it from alkalme solutions, indicatmg that no tyramme is present 
The product is also insoluble m benzene and xylene Smce it has been 
demonstrated^ that tyrosme is formed in the rat from phenylalanme, it 
IS possible that the product is tyrosme, although ciystals have not yet 
been obtamed 
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INFLUENCE OF CRYSTALLINE VITAMIN Be ON 
HEMATOPOIESIS IN THE CHICK 

Sirs 

Followng the isolation of crystaUme vitamin Be m these laboratones 
by Pfiffner el al we have made further studies as to its hematopoietic role 
in young chicks, determming the scope as well as the minimum and prob- 
able optimum protective levels 

The percentage composition of the synthetic vitamm Be-free ration was 
as follows purified casein 25, gelatin 10, f-cystme 0 3, cholme chlonde 
0 2, com-starch 52 4, cellulose 3 0, lard 4 0, salts- 5 0, and manganese 



Vitamin 

per 

100 ^ 
ration 


Body 

i\etgQt 

Red blood cells 


Leuco 

Thrombo 


chicL.a 


Hemato- 

crit 

elobm 

per emm 

cj3un 

Group 1 Basal syn 

y 

None 

5 

gm 

9S 

millions 
per c mm 

0 89 

tol per 
cent 

17 2 

gm per 
cent 

3 4 



thetic Be free ra 
tion 









Group 2 Normal 


10 

184 

2 35 

32 5 

8 7 



broiler ration 









Group 3 Basal ra- 

5 

5 

94 

1 35 

21 0 




tion with crystal- 

20 

4 

129 

1 92 

31 5 




line vitamin B, 

40 

6 

136 

1 95 

30 3 

7 0 




100 

7 

185 

2 01 

30 1 

7 6 




400 

6 

216 

1 95 

29 7 

7 7 

QB 



sulfate 01 It contained the foUowmg vitamins, per 100 gm vitamm A 
1600 u s p umts, vitamm D 160 imits, mixed tocopherol carrymg 25 per 
cent a- 24 mg , vitamin K 5 0 7 , thiamine hydrochloride 0 4 mg , riboflann 
0 8 mg , pyndoxme hydrochloride 0 6 mg , i-mositol 50 0 mg , p-amino- 
benzoic acid 15 0 mg , niacm 2 0 mg , and sodium pantothenate 1 1 mg 
In addition, crystalline biotm’ was given orally tivice a week at a level 
equivalent to 1 5 7 per chick per day The prophylactic test period was 
4 weeks 

The data m the table for Gioups 1 and 2 , the basal sjmthetic and the 
normal broiler lations, show that the absence of vitamm Be brought about 

* Pfiffner, J J , Binkley S B , Bloom, E S , Brown, R A , Bird, O D , Emmett, 
A D , Hogan, A G , and O’Dell, B L , Science, 97, 404 (1943) 

» Jones, J H , and Foster, C , J Nutr ,24, 245 (1942) 

» We wish to thank Dr R T Major of Merck and Company, Inc , for the generous 
supply of crystalline biotin 
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a retardation in growth (body weight and feathering), a marked decrease 
in the hematociit (Van Allen), the hemoglobm (Evelyn), and m the red 
blood cell count, and, m addition, a reduction in the leucocytes and throm- 
bocytes On the other hand, by fortifymg the basal ration (Group 3) 
with crystalline vitamin Be m sufficient amount, this syndrome was pre- 
vented Thus, for growth, the 20 7 level of the vitannn gave some pro- 
tection but it required 100 7 to maintam the birds on the normal plane 
In contrast with this, as little as 5 7 per 100 gm of ration gave partial 
protection and 40 7 complete protection for the hematoent, red blood 
cell count, hemoglobin, and thrombocytes In the case of the leucocytes, 
the optimum requirement w'as very high, at about 400 7 
In conclusion, under the conditions m which these experiments were 
done, the data show , for 4 week-old chicks, that vitamm Be is an essential 
factor for maintammg normal growth (and feathering) and for preventing 
macrocytic hypochronuc anemia, leucopema, and thrombopema 
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lAIPROVEMENTS IN THE TURBIDIMETRIC ASSAY FOR 
PENICILLIN 

Sirs 

For some time we have had in use m this laboratory a modification of the 
Foster and Woodruff' method of assay of pemcilhn which has proved very 
useful The importance and need of such a procedure prompt our describ- 
ing it at this time The method to be outhned is capable of givmg results 
as quickly as that of Rake and Jones^ and as accurate as the turbidimetnc 
one of Foster and WoodruiP and Foster and Wilker ^ The shortcommgs 
of the lapid method of Rake and Jones, such as the use of a pathogemc 
organism, the presence of many conditions subject to vanation, and the 
somewhat subjective nature of the results, have been overcome Strict 
aseptic conditions need not be observed m carrying out the test The 
turbidimetnc method of the above authors, while of comparable accuracy, 
requires 3 or 4 hours for completion of the test, whereas results may be had 
in 90 ramutes with the present modification The results are obtained m 
this short time by usmg as mocula a 2 to 3 hour culture of a rapidly growing 
streptococcus of Lancefield’s Group B with incubation at 37“ m a water 
bath The strain of streptococcus used has been found to be sufficiently 
sensitive to pemcilhn 

The procedure which has been found to give satisfactory results is as 
follows A solution of known pemciUm titer and the unknowns are diluted 
with bram-heart broth to contam approximately 1 umt per ml , and these 
in turn diluted 1 5, 1 10, 1 20, 1 40, 1 50, and 1 100 Each tube, con- 
tammg 2 0 ml of one of the above dilutions, together with controls con- 
tainmg no pemcilhn, is moculated wnth 0 10 ml of a 2 to 3 hour bram-heart 
broth culture of Group B streptococcus The tubes are swirled once and 
allowed to mcubate m a 37“ water bath until sufficient turbidity has de- 
veloped to permit accurate readmg, usually for 90 mmutes or less Growth 
of the orgamsm is stopped at this point by addmg 1 drop of 35 per cent 
fomialm to each tube Turbidities are obtained by the use of a Coleman 
umxersal spectrophotometer with the wave-length dial set at 650 ma 
Densities are measured against bram-heart medium blanks The instru- 
ment was modified to accept directly the small tubes (10 X 75 mm ) used 
m the tests Results may be obtained graphically, -with known pemcilhn 
solutions as a standard, or one may mterpolate from the readmgs of the 
standard It is usually sufficiently accurate to assume an mverse Imear 

' Foster, J W , and Woodruff, H B , J Bad , 46. 187 (1943) 

’ Rake, G , and Jones, H , Froc Soc Exp Biol and Med , 64, 189 (1943) 

• Foster, J W , and Wilker, B L , J Bad , 46, 377 (1943) 
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a retardation in growth (body weight and feathering), a marked decrease 
in the hematociit (Van Allen), the hemoglobm (Evelyn), and m the red 
blood cell count, and, in addition, t reduction in the leucocytes and throm- 
bocytes On the other hand, by fortifying the basal ration (Group 3) 
with crystalline vitamin Be m sufficient amount, this syndrome was pre- 
vented Thus, for growth, the 20 y level of the vitaimn gave some pro- 
tection but it required 100 y to maintam the birds on the normal plane 
In contrast with this, as little as 5 y per 100 gm of ration gave partial 
protection and 40 y complete protection for the hematocnt, red blood 
cell count, hemoglobin, and thrombocytes In the case of the leucocytes, 
the optimum requirement was very high, at about 400 y 

In conclusion, under the conditions in which these exTieriments were 
done, the data show, for 4 w'eek-old chicks, that vitamm Be is an essential 
factor for mamtammg normal growth (and feathering) and for preventing 
macrocytic hypochromic anemia, leucopema, and thrombopema 
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Parke, Davts and Company Ratmond A Bbown 

Detroit A D Emmett 
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THE ELEVATION OF UTERINE /S-GLUCURONIDASE ACTIVITY 
BY ESTROGENIC HORMONES* 

Sirs 

/S-Glucuromdase is a carbohj drase whose preparation, purification, and 
properties,* have been described only recently In 1940,- indirect endence 
was obtained for its probable role tn vivo, that of catalyzing the synthesis 
of conjugated glucuromdes At tliat tune, it was observed that the 
/3 glucuronidase activity of hver, kidney, and spleen, and not of testis, 
ovary, uterus, and \ agma, increased in animals fed glucuromdogemc sub- 
stances which were non-estrogemc It was then suggested that “the 
enzyme m these se\ organs is not concerned piunaiily m the general detox- 
ication processes of the body, but has some function connected with the 
metabolism or transport of the sex hormones ” In this note we wash to 
report expenments m which the /3-glucuronidase of vanous tissues of the 
mouse was determmed after the administration of seveial of the “natural” 
estrogemc hormones In addition, some non-estrogemc glucuromdogemc 
steroids and terpenes w eie tested as control substances 

Female mice weighmg about 20 gm were ovanectomized, and 21 daj's 
later the test substance w'as mjected subcutaneously m a volume of 0 2 
ml of 8 per cent alcohol, twice a day foi 3 days A control group of 
ovanectomized mice received 8 pei cent alcohol alone All the ammals 
were killed on the 26th day after oxariectomj, when the /3-glucuromdase 
activity of vanous tissues of each animal was determmed, as prenously 
descnbed - The values obtained for uterus, and m some cases, hvei, aie 
compared here ivith values for the same organs of normal mice (see the 
table) 

The findmgs may be pointed out Fust, the level of the uterine ^ glu- 
curomdase m the control gioup of thirtv-nine ovanectomized ammals 
receiving 8 per cent alcohol alone corresponds to that of the enzyme m the 
60 ovanectomized animals receiving non-estrogemc substances This 
level IS substantially lower than that foimd in normal mice In the hver, 
no change is apparent m the enzyme concentration after ovanectomy 
Secondly, m the forty-foui ovanectomized mice which received estrogenic 

* This study was aided by grants from the Medical Researeh Council and the Earl 
of Moray Research Fund, Umted Kingdom The interest and helpful criticism of 
Professor G F Marrian are gratefully acknowledged 

* Masamune, H , J Biochem , Japan, 19, 353 (1934) Oshima, G , J Biochem , 
Japan, 20, 361 (1934) , 23, 305 (1936) Fishman, W H , J Biol Chem , 127, 367 (1939) , 
131, 225 (1939) 

» Fishman, W H , J Biol Chem , 136, 229 (1940) 
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substances, the uterine enzyme activity was elevated 100 per cent or more 
above the level m the control group The bver enzyme concentration 
which was detenmned m the estriol-mjected group remained essentially 
normal 


Condiuoa of mouse 

SubsUace 

adnuoistereti 

Amount! 

(n/ecCed 

^Glucuromdase activity* 


Liver 

No 

of 

mice 

Uterus 



y 





Normal 

None 


32 


19 

94 4 ± 32 0 

Ovanectomued 

<( 


14 


39 

47 8 ± 16 2 


Estrogens 


Ovanectomized 

Eatnol 


4 

106 5 ± 6 3 

4 

105 3 ± 24 3 

di 1 


7 2 



11 

137 1 ± 32 0 

<t 

Sodium eatnol 

72 0 



6 

139 7 ± 24 3 


glucuronide 






(( 

Estrone 

7 2 



12 

169 1 ± 27 5 

<< 

Eatradiol 

7 2 



11 

129 7 ± 36 2 


Non-estrogens 


Ovanectomized 

Progesterone 

7 2 



10 

28 0± 99 

tt 

Pregnanediol 

14 4 ! 



12 

50 0±20 0 

i< 

Sodium preg- 

7 2 1 



14 

38 6 ± 10 4 


nanediol 






1 

glucuronide 






H 

Borneol 

7 2 



10 

50 8 ± 11 7 

it 

Menthol 

7 2 



14 

38 6 ± 10 4 


• The activity per gra of tissue is expressed as mg of glucuronic acid liberated m 
70 hours of hydrolysis at 37 5“ from sodium menthol glucuromdate • 


It IS indeed probable that /3-glucuronidase, at least in the case of mouse 
uterus, may be concerned with the metabolism of the estrogens The 
sigmficance of these observations is the subject of research which is now 
in progress 
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URINAEY 17-ia3TOSTEROIDS IN METABOLISM* 

I STANDARDIZED CHEMICAL ESTIMATION 

Br RAYMOND L CAHBNf and IVILLIAM T SALTER 

(From the Lahoralones of Pharmacology and Toxicology, Yale University School of 

Medicine, New Haven) 

(Received for publication, November 10, 1943) 

Investigations of androgen metabolism hitherto have been impeded by 
the lack of rehable chemical methods for the quantitative analysis of 
unnary 17-ketosteroids The classical Zimmermann reagent {1, 2) has 
given tanous values in different laboratories (3-11) These discrepancies 
he m tno categories First, the final color developed is exaggerated by 
extraneous pigments Secondly, the genmne color due to 17-ketosteroids 
varies not only for a smgle ketosteioid when analyzed by different individ- 
uals, but also for equiraolecular concentrations of related ketosteroids 

The problem recently became even more comphcated when Pmcus (12, 
13) reported another set of values resultmg from the important apphcation 
of his new antimony trichloride reagent It is the purpose of the present 
report to show that these discrepancies can largely be reconciled a hen an 
appropriate techmque is used This techmque has been extended to sep- 
arate total 17-ketosteroids into cts (/8) and trans (ot) derivatives 

EXPERIMENTAL 

Three features have been emphasized First, the results obtained by 
the Pmcus and by the classical Zimmermann methods have been compared 
Secondly, the conditions of the Zimmermann procedure have been stand- 
ardized so that a given concentration of anv of the chief 17-ketosteroids 
would ahiays develop the same degree of coloi , iihich should remam stable 
at a plateau level Actually, the means uas found of forming equal de- 
grees of color from several ketosteroids when measured m equimolecular 
concentrations Thirdly, extraneous pigments and undesirable chromogens 
were largely ehnunated 

Matenals — Samples of crystalline androsterone, dehydroisoandrosterone, 

* This work was supported by the Jane Coffin Childs hlemonal Fund for Aledical 
Research and The International Cancer Research Foundation The spectrophotom- 
eter was purchased with the aid of the EUa Sachs Plots Foundation and the Fluid 
Research Fund of Yale University School of Medicine 

t Under the auspices of The Rockefeller Foundation Present address, The 
Maltbie Chemical Company, Newark, New Jersey 
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hydio\jetioallocholanone, and testosteione' nere used m then free form 
after being dissoh ed in 95 per cent alcohol They Mere kept in the ice box 
24 hour samples of in me w ei e collected from health\ x oung girls (3,5, and 
jeais old respectix eljO Toluene x\as used as preservative and the 
samples x\eie stored in the ice box In some cases samples of these urmes 
x\eie lemfoiced by the addition of andiosterone and dehydroisoandros 
ter one 

Equipment — 1 hter PjTex flasks xnth interchangeable ground connec 
tions 1 liter Pjnex separatory funnels A constant temperature water 
bath automatically mamtained at 25“ ±01° for temperature control dunng 
the Zimmermann tests Pj rex 10 cc test-tubes calibrated at 2 cc Jlicro 
burettes, 2 cc in content, cahbrated to 0 001 cc and permitting the dehxery 
of 0 001 cc volumes A water bath electiicallj' heated to 80“ ±10“ for 
temperature control during the Pmcus tests 
Foi careful quahtative determination of maximum absoiption the Beck 
man spectrophotometer was used The mtensity of the colors dex eloped 
routmely was measured by the Klett-Summerson photoelectnc colorimeter 
Reagente — 

Recrystalhzed pure in-duntrobenzene m 2 pei cent alcohohc solution, 
punfied accordmg to Callow and Callow (14) 

2 00 N aqueous KOH (Eimer and Amend) solution 
5 00 N aqueous KOH (Euner and Amend) solution 
Peroxide-free ether 

Aldehyde-free alcohol, 95 per cent and 60 per cent, punfied by fractional 
distillation after boihng xxath KOH 
Chloroform, c p reagent 
Antimony tnchlonde, c p reagent 
Acetic acid, 95 per cent solution 

Procedure 

The assay consists of four steps (a) hydrolysis of the conjugated steroids, 
(b) extraction and separation of androgemc 17-ketosteroids, (c) develop- 
ment of the Pmcus and Zimmermann reactions for the total 17 -ketosteroids, 
(d) development of the Pmcus and Zimmermann reactions for cis (d ) and 
irons (a-) 17-ketosteioids 
The techmque used m our assays xvas as folloxvs 

Hydrolysis of Conjugated Urinary Steroids — Before the extraction ® 
steioids hydrolysis was earned out accordmg to the method described y 

1 For the samples of pure steroids used, we are indebted to Dr E Oppenheimer of 
the Ciba Pharmaceutical Products, Inc , Dr Bernard J Brent of Roche rgan 
Professor Louis Fieser, Dr Seymour Lieberman, Dr Konrad Dobnner, an 
T Nathanson 
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Hottoiff and Koch (6) Deteinnnations on unne, studied m duplicate for 
coiiipanson of the methods of Holtoiff and Koch (10 minutes boding mth 
15 per cent HCl) and Consolazio and Talbott (15) (simultaneous extinction 
and Indioljsis), faded to show any consistent dilfeience in the lecoieiy 
of 17-ketosteroids INIoieoxei, the hydroljsis piioi to the extinction is 
piefeired for general use because it avoids special piecautions against an 
inflammable solvent An nhquot v'olume (250 cc ) of each 24 lioiu urinary 
sample was refluxed with 25 cc of 12 n hydrochloiic acid foi 10 mmutes 
Then the mixture was cooled immediately in oidei to prevent the destruc- 
tion of the free steroids which aie theimolabile 

Extrachon and Isoiahon of Free Urinary Sleioids — Foi the extraction 
benzene and ether are moie conv enient as solvents than carbon tetiachloiide 
(9, 15) because they extract completely both 17-ketosteioids and estrogens 
In prevnous investigations we used benzene but we prefei ethei which 
constitutes a less definite hazard Foi the techmque of extiaction shaking 
in sepal atory funnels was used Each extraction is piactically complete 
aftei three shakings with 80 cc of ethei 

Following the extractions the neutial 17-ketosteioids weie separated 
from the acid and phenolic fi actions Aftei shakmg first with 80 cc of a 
saturated solution of sodium bicaibonate, then twice with 80 cc of 15 per 
cent potassium hjdroxide, and washing once with 80 cc of water, the 
neutral ethereal fraction was left 

Decolonzation with activated carbon (norit A, iMeick) was pei formed 
in a few tiial assays but was abandoned because of loss of active material, 
even w hen contact w as limited to so short a time as 60 seconds 

The neutral ethereal fraction was then evaporated to drjmess, fiist on 
the steam bath in cacuo and then in a desiccator Theieupon it was trans- 
ferred quantitatively with 96 pei cent alcohol to v'olumetiic flasks and later 
to 20 cc storage bottles in which it was kept cold for fmther coloiimetric 
assays 

Colonmelnc Assay — The coloiimetiic determination of 17-ketosteroids 
was made on aliquot samples by either the Pmcus oi the Zimmermann 
reaction 

Pinciis Method — ^The techmque recently described was used (11) except 
for the modification of an incubation time of 60 minutes instead of 45 
mmutes, and the maintenance of the reaction mixtuie in the daik at a 
tempeiature of 20° Prior to this incubation with acetic acid m the dark, 
the solution is heated with antimony tncliloride for 20 minutes on a 
boiling water bath 

Zimmermann Method- — In a piehinimiv senes of expeiiments the pioce- 
duieof Callow etal (4) was followed as modified bv Fiiedgoodandttludden 
(16) In this method 2 ^ aqueous KOH is emploved to develop the color 
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A second senes of assays ^^as conducted by the Holtorff and Koch (6) 
method in i\ hich 5 n aqueous KOH is used In a third senes of assaj s, this 
piocedure was modified by e\tiaeting the color in chloroform 
Determination of Cis 03-) and Trans (a-) 17-Ketosterotds — Cis (fi-) and 
irans (a-) urmary 17-ketosteioids were separated accordmg to the method 
of Baumann and jMetzger (17), which closely approxunates the actual 

Table I 


Com-panson of Zimmermann, Modified m Dinitrobenzene, and Pincus Techniques for 
Unnarij 17 Keloaleroids in Mg per 34- flour Secretion with 
Recovery of Added Ketosleroids 


Age of girls 

17 Keto- 
steroids 
added 

Total 17 Lctostcroids 

Trans (a ) 17 Icetosteroid: 

i Cir Cd'} 17 ketosteroids 

Zim 

mcr 

maon 

m Dmt 
troben 
zone 

Pincus 

Zim 

mer 

roona 

fit Dml 
troben 
zene 

Fmeus 

Zim 

mcr 

mann 

rt>Dioi 

troben 

zene 

Pxacuj 












K , 3 yrs 


3 8 


3 3 

3 3 


1 8 

0 25 

i 0 25 

1 025 



3 S 

2 4 

2 8 

2 9 

2 3 

2 5 

0 21 


0 15 



2 9 

2 0 

2 3 

2 4 

I 9 

2 I 






3 5 

2 5 ! 

2 3 

3 3 

2 0 

2 0 

0 23 

0 18 

0 20 

Androaterone 

12 

15 

14 

14 

14 

13 

13 

0 23 
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isolation values For the final determination, an ahquot part of e 
alcoholic solution of urinary steroids was used and the respective as W 
and trans (a) fractions were titrated coloiimetrically bv the Pincus or 
Zimmermann method as described above 

Results 

The experimental data for the four steroids, each as determined by thrM 
methods, are presented m Figs 1 to 3 In Table I are given e v 
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obtained from the children’s urine, with and inthout addition of pure 
17-ketosteroids 

Ptncus Reaction — In the first series of e\periments the absorption density 
of hght, measured with the Klett-Summerson photocolonmeter (Cornmg 
Filter 62), is compaied for the three 17-ketosteroids after treatment with 
the Pmcus reagent Testosterone was similarlv analyzed for companson 
In Fig 1, the amount of steroid represented m 2 cc of final solution is 
plotted against the direct logarithmic scale of the Klett-Summerson color- 
imeter (i e , the relative absorption) It ivill be noted that the curves for 
androsterone and hj dro\yetioallocholanone aie approximately hnear 



AMOUMT OF STE.R0rD3 >lGr5 IM 2CC 


Fig 1 Development of color by equivalent concentrations of several steroids 
after treatment (o) by the antimony trichloride reaction (Cormng Filter 62) and (6) 
by the modified m dinitrobensene reaction (Cormng Filter 52) 

The curve for dehydroisoandrosterone is much less steep, and that for testos- 
terone IS close to the base-hne 

Zimmermann Reaction — The next senes of experiments concerns the 
mfluence upon reaction velocity of the concentration of the potassium 
hydroxide used m the origmal Zimmermann procedure (1) Tuo concen- 
trations of KOH reagent are described, t e , 5 0 n and 2 0 n The former 
concentration is used in the method of Holtorff and Koch (6), and the 
latter in the method of Callow ct al (4) as modified by Friedgood and 
Whidden (16) From Fig 2 it is clear, first, that greater speed of reaction 
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IS attained with, the 5 0 N reagent, and, secondly, that after 105 mmutes at 
25° a plateau is reached On the contraiy uuth the 2 N reagent, the color 
does not reach a maMmum even after a day’s time, when the color becomes 

"^'^Forthlsi^tfl^'onrthe 5 0 n alkah is preferred The plat^u found 
after 105 minutes confirms the result previously announced by ^.athanson 

(18, 19) 
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Fig 2 Original Zimmermann technique (2) p/^^^u‘g'°eached after 105 

and 2 n) on the progressive development of color P 
minutes , 

Extraction of Coloi with C/<i<»-o/orm- Because it w^o ,vas 

blank develops considerable color on stand^g a 

made at the end of the leaction to lemove the ex Chloroform 

down products bv extinction with a heavv 0^=^“ disulfide, and amyl 
appeared pieferable to caibon tejiachlonde carb^^^^ 

alcohol When 0 5 volume of ' and shaken as described 

mixtures resulting from the Zimmeimann lea , super 

below, tins solv ent extracted the desirable pur quantitative 

natant water alcohol solution deeply Ringed wi 
rehabihty, the following precautions had to b 
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The imxtuie \\as shaken for ten oscillations, lepeated tiMce at 3 minute 
intervals in the giaduated 10 cc test-tube Aftei each shakmg enough 
chloioform Mas added from a micro burette to maintain the underh- 
ing chloroform moiety at 2 cc volume Because pure alcohol is miscible 
mth chloroform, 60 per cent alcohol w as necessary to prevent solution of the 
chloi oform laver m the alcohol The pink color is very photosensitive, but, 
as shown m Table II, it remained stable for 20 nunutes m the dark, aftei 
M hich time it faded gradually The colorimetric determination was made 
routinely at 10 minutes Frequently an emulsion m as formed, but could be 


Table II 

Slabtlily of Pink Color tn Chloroform Solution 



Steroid 

concen 

tratioa 

! 

Time 

0 mm 

1 10 1 
1 mm j 

1 2S 
\ mm 

1 

1 mm 

mm 1 

165 

mm j 

205 1 

mm 1 

1 

1 hrs ^ 

24 

hrs 

Relative absorption* (Coming Filter 52) 


rper 








1 



Zee 










Androatcrone 

5 

33 

33 

32 

30 

30 

30 

30 

1 

20 


10 

75 

72 

75 

70 

67 

65 

65 




15 

95 

90 

90 

88 

86 

85 

87 

so 



20 

i 120 

no 

102 

100 

93 

95 




Dehydroiboaii 

5 

36 

35 


33 

35 


32 



drosterono 

10 

85 

77 

75 





73 

60 


15 

116 

112 

112 

104 

105 

95 

100 




20 

135 


133 

130 

125 





Hydroxj etio 

' 5 

26 

25 

25 

20 

20 


20 



allocholanoiie 

, 10 

75 

73 

70 

69 

72 


78 

66 

50 


15 

126 

120 

no 

no 

100 

102 

100 


SO 

Teatosterone 

1 5 1 

15 I 

15 

15 


12 

12 

15 


10 


, 20 

15 

15 

14 

12 

15 

15 

12 




* Defined ns C = loi, h/I = kcd 


dissipated b^ placing the tube m a water bath at 40° foi 1 minute The 
chloroform solution was then sufficiently clear to be e\ammed m the 
colon metei 

Absorption Spectra — ith the Beckman spectrophotometer the absorp- 
tion curves of the water-alcohol and chloroform pigments were determined 
In this work the authois are indebted to Dr K S Salomon for his techmcal 
advice As shown in Fig 3, these absorptions diffei considerably onij the 
chloroform solution shows a maximum near 450 ma Although the respec- 
tive cuives for the thiee 17-ketosteioids studied differ somewhat, they all 
show a maxmium absoiption between 430 and 480 ma Testosterone 
shows only a slight maximum 
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Application to Human Lnnc — ^When the Klett-Summerson colorimeter 
uas used uith the Comuig Filter 52, to determine total as (fi-) and irans 
(a-) 17-ketosteroids m human urines by the modified Zimmermann reaction, 
the lesults uere consistent ivith those found by the Pmcus reagent, ivith 
Cormng Filtei 62 As shown m Table I, however, the values are dis- 
tinctly lower than by the oiigmal m-dimtrobenzene procedure In some 
instances, the corresponding as (/3) and trans {a) fractions are also given, 



Fig 3 Absorption curves of the colored compounds formed from several steroids 
by reaction w ith m dinitrobenzene 

as detenruned separately The sums of these are reasonably consistent 
with the total 

Table I shows also the recovery of known amounts of androsterone and 
of dehydroisoandrosterone when added to urine 

DISCUSSION 

Most of the eaily lesults published foi urinary 17 -ketosteroids are too 
high, owing to the piesence either of inactive chiomogens or of preforme 
pigments (19) Callow and Callow (14) iiomted out that normal urine 
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contanis a non-specific fraction ^\luch gives a color value of 6 to 10 per cent 
of the total Fiaser c<al (20), Talbot ei (21), and Pincus (22) confirmed 
these findings, although in a number of cases they obtained a much higher 
value for this fraction 

In order to determine vhethei a urinary extract is contammated mth 
such compounds. Callow and Calloii (14) used the latio of the absorption 
coefficients found wth green and violet filters respectively Fraser et al 
(20), after comparing the respective readings of the color with these two 
filters, proposed a partial correction by an equation vhich reduced the error 
due to the non-ketonic chromogens Pmcus (22) has pomted out, how ever, 
that the large variability m the “EG EB ratio” (hght extinction, green to 
blue) may render such a correction invalid on statistical grounds Further- 
more, vanous unnary chromogens complicate the Zimmermann color titer 
even after the removal of non-ketomc matenal 

From our expenence it appears that urmary pigments and chromogens 
do not appear m constant proportions Moreover, they may vary quahta- 
tively, so that sometimes the impurities have an absorption maximum which 
does not correspond to the filters ordmarily used for the correction factors 
Therefore, a theoretical and ngid algebraic equation (23) may not be apphed 
m every practical case 

The mtroduction of the Girard reagent (21, 11) made it possible to 
separate chemically the ketome from the non-ketomc compounds and to 
this extent it is very useful Nevertheless, the Girard complex is partially 
hydrolyzed even under the best conditions recommended by Girard and a 
constant loss of 10 to 15 per cent of the 17-ketosteroids appears dunng this 
separation (24) On the other hand, in our experience the Girard complex 
IS hkely to adsorb pigments from the impurities and these are carried mto 
the solution of the regenerated ketones Therefore, the use of the Girard 
reagent, which leads to important results in a quahtative sense, seems not 
to be ideal for quantitative colorimetric assays 

The use of the Pmcus reagent is advantageous because it yields specific 
values, masmuch as the absorption maximum of the green compounds 
formed by it is different from that of the contammatmg red and brown 
pigments The method has the further advantage of avoidmg a color 
correction Accordmg to our data, which confirm the results of Pmcus 
(12), the values given by the SbCls reaction are always lower than those 
given by the old Zimmermann reaction, even after subtraction of the 
urmary pigments as measured m a blank 

Why did the onginal m-dimtrobenzene techmque give too high values'^ 
Because the Pmcus reagent reacts very xxeakly wath dehydroisoandrosterone, 
one might suppose that the determmation of total 17-ketosteroids by the 
Pmcus method would give distinctly lower results Dehydroisoandros- 
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teione, however, normally occurs in lelatively small quantities At best, 
therefore, this feature would account only for a 10 per cent difference, 
whereas the observed discrepancy is usually about 40 per cent This 
computation indicates that extraneous pigments are the source of the lugh 
values originally encountered wnth the dimtrobenzene leagent 

Are the extianeous chromogens already present in the unne or do they 
arise during the Zimmermann reaction’ Because naturally occurring uri- 
narv pigments and chromogens have been ehminated satisfactorily by the 
blank, the extraneous pigments probably are formed de novo during the 
Zimmermann reaction In actuality, this latter source is very important 
because w'ater-alcohol solutions of pure 17-ketosteroids yield both pmk and 
jellow pigments which can be sepaiated by extraction The intensity of 
the pink color is proportional to the amount of ketosteroid present, whereas 
the yellow pigment is independent of it Although preformed urinary 
pigments are largely extracted by the chloioform, the optical blank corrects 
foi this eiror It is still possible, although unlikely on metabolic grounds, 
that the reagent yields a pink color with certain natural substances which 
are not 17-ketosteroids The present data do not exclude this possible 
source of error 

Testosterone yields almost no color with the m dimtrobenzene reagent 
The color repoi ted in the original Zimmermann teclimque is quantitatively 
accounted foi by the tiansformed reagent itself 

SDMJIARy 

1 The Zimmermann reaction for 17-ketosteroids has been modified by 
extracting the resulting color in a heav'y organic solvent The supernatant 
layer retains in solution the undesiiable chromogens and pigment irapun 
ties 

2 The titer given by tlus modified reaction, after correction for residual 
urmary pigments by comparison with a blank, is lower than that given 
by the original Zimmermann reaction, but is very close to that given by 
the antimony trichloride reaction of Pincus 

3 The titer given b3’’ the Pincus reaction or by the modified Zimmermann 
reaction, w'hen the latter is lead against the appropriate blank, does not 
reflect the non endocrine urinary pigments 

4 Under the original Zimmermann procedure, testosterone gave a troub e- 
some coloi With the modified technique, however, testosterone yie 
practicallj' no coloi This result agrees wath that by the Pmcus reagen 

5 With dehvdroisoandrosterone antimony trichloride yields a ee e 

color, w hereas the modified Zimmermann reaction gives the same intensi y 
as with other 17-ketosteroids . , 

6 The TO-dinitrobenzene technique has been adjusted so that equiva e 
concentrations of various 17-ketosteroids yield the same color m ensi 
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Recently, the isolation of the higher fatty aldehydes from animal tissues 
as acid hydrazones and oMmes was reported (1) A method for the quan- 
titative determination of these aldehydes is necessary for the study of 
their metabohe function Feulgen and collaborators utilized the color 
developed by the aldehydes ivith the fuchsm sulfite reagent for this pur- 
pose (2, 3) 

In this paper a detailed study of this color reaction is presented 

The use of a stable and reproducible standard is particularly necessary 
in the case of the fuchsm test, smee the reagent vanes from batch to batch 
The free synthetic aldehydes, palnutaldehyde and stearaldehyde, are not 
stable and cannot readily be obtamed m entirely monomeric form Feul- 
gen first used the thiosemicarbazones of synthetic aldehydes as standards, 
but later abandoned them, smee they did not spht completely and, there- 
fore, gave low values (2, 3) He finally used the freshly steam-distilled 
aldehydes as an arbitrary standard (3) 

As Bersm and Feulgen have put forward evidence that the higher fatty 
aldehydes occurrmg in nature are bound m acetal Imkage to glycerol (4), 
synthetic glycerol acetals of the higher fatty aldehydes would appear to be 
the ideal standard Palmitaldehyde and stearaldehyde glyceryl acetals 
were prepared accordmg to the method of Bersm and collaborators (5) 
and were found to be satisfactory m regard to stability Accordmg to 
Bersm, the sjmthetic acetals give maximal color development after 10 hours 
at room temperature In our hands, the maximum was reached only after 
18 hours at 37° (Fig 2) Our synthetic acetals also behaved differently 
than did the naturally occurrmg aldehyde complex Extracts of muscle 
and various organs of rats, cattle, and gumea pigs gave color -withm a 
few mmutes under the conditions of the test and developed their maximal 
color withm about 15 hours and probably m less tune, at 5-10° Under 
these conditions, the synthetic acetals yielded no color whatsoever even 
when tissue extract or a phosphatide preparation was added Although 

* This work was supported by grants from the Josiah Macy, Jr , Foundation and 
from the Joshua Rosett Research Fund 
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the sjuthetic acetals develop maximal color only at 37° mthm a penod 
of 18 hours, they maj'' be used as standards m the determination of natur- 
aUi’’ occurring aldehj'de complex, with which maximal color development is 
mdependent of the temperatuie between 5-37° 

The method of determination was basicallj that of Feulgen and collabo- 
rators (3) modified in tw o major lespects The color test w as carried out at 
37°, and for the extraction of the colored compound punfied capryl alcohol 
(6) was used instead of amjl alcohol, troublesome emulsions and high 
blank V alues w ere thus av aided The S3'nthetic acetals w ere used as abso- 
lute standards in a studj' of the behavuor, with fuchsm reagent, of prepara- 
tions of palmitaldehyde, stearaldeh3 de, lower aldeh3des, and of several 
aldehyde derivatives 

The modified method and the new standard were apphed to the deter- 
mmation of the higher fatty aldeh3 des m tissues 

EXPEHIMEVrVL 

Preparation of Palmitaldehyde and Stearaldchyde — ^The aldeh3des were 
prepared by oxidation of the corresponding commercial^' av'ailable alco- 
hols (stenol and cetyl alcohol flakes, du Pont) b3 the method dev eloped b) 
Schw enk and Bloch,* and isolated from the reaction nuxture by the Use of 
p-carboxyphen3 lhydra2ane 

24 gm of cet3l alcohol flakes and 8 gm of cupric oxide were heated over 
the free flame m a current of nitrogen until most of the oxide had turned 
red The product was cooled, dissolved m hot 95 per cent ethanol, and 
filtered mto a hot solution of 10 gm of p-carbox37)hen3 lh3 drazme in 95 
per cent ethanol A total of 300 ml of ethanol vv as used The addition of 
acetic acid (1) to the reaction mixture was found to be unnecessary The 
solution was refluxed for 2 hours, and then distributed between 500 ml 
of ether and 1000 ml of a 4 per cent solution of potassium carbonate 
The hydrazone w as precipitated by acidification of the carbonate solution, 
and filtered under nitrogen The 3ueld of crude h3drazone vvas about M 
per cent of the theoretical, based on the alcohol used For anal3Sis t e 
hydrazone vvas recr3'stalhzed twice from 95 per cent ethanol and dn 
over P-Os at 2 mm and room temperature The carbox3'phea3'lh3 drazone 
of pahmtaldehyde melted at 101-102° with decomposition, foun , 

74 09, H 10 00, calculated for C-jHjsO.N. (374 55), C 73 75,^H 10^ 
The carbox3'phenylhydrazone of stearaldehv de melted at 105 vvit e- 
composition, found, C 74 63, H 10 24, C 74 44, H 10 59, calculated lo 
CjsHuOiNj (402 61), C 74 58, H 10 52 - Formaldehyde was as efiectiv 

> We are highly indebted to Dr E Schnenk and Dr E Bloch for making 
unpubhshed method available to U3 

* For the microanalj sis w e are indebted to "Mr W Saschek 
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as pyrin ic acid in liberating the aldehydes from their hydrazones The 
hydrazone (0 01 mole) was ieflu\ed with 8 ml of 37 per cent formaldehyde 
(0 1 mole) in 100 ml of 95 per cent ethanol for 4 hours The reaction 
mi\tuie was distiibuted betw'een 300 ml of 4 per cent potassium carbonate 
and sufficient ether, as previously described (7) For purification, the 
aldehyde was distilled at 2 mm Palmitaldehyde distilled at 120-140°, 
stearaldehyde at 141-155° The yields of once distilled product were 77 
to 93 per cent of the theoretical, based on the hydrazone used Sometimes 
preparations of palmitaldehyde or stearaldehyde were obtained which, 
m regard to their low melting point, solubility, analytical composition, and 
color equivalent, coi responded to the monomeric aldehyde Some prepar- 
ations made iiiidei the same conditions showed a higher melting point and 
lower coloi equualent, apparently corresponding to products of poly- 
merization 01 condensation of the aldehydes 

Preparation of Aldehyde Denvatwes — The carboxymethoximes were 
prepared accoiding to Anchel and Schoenheimer (7) Palmitaldehyde 
carboxyroethoxime m a yield of 60 per cent of the theoretical was obtained, 
based on monomeric aldehyde After two lecrystalhzations from 
methanol, it melted at 68-69°, found, C 69 05, H 11 13, calculated for 
CisHjsOjN' (313 47), C 68 97, H 11 25 Stearaldehyde carboxymethoxime 
m a yield of 40 pei cent of the theoretical was obtamed, based on mono- 
meric aldeh3de After two recrjstallizations fiom methanol, it melted 
at 81-82°, found, C 70 32, H 11 62, calculated for CioHosOjN (341 52), 
C 70 33, H 11 51 

The thiosemicaibazones were prepared according to Feulgen and Beh- 
rens (8) palmitaldehyde thiosemicaibazone, m p 109°, found, C 65 10, 
H 11 20, calculated for CirHssNjS (313 4), G 65 09, H 11 26, stearaldehyde 
thiosemicarbazone, mp 112°, found, C 67 02, H 1120, calculated for 
C19H39N3S (341 4), C 66 78, H 11 51 

The acetals were prepared accoiding to Bersm and collaborators (5) 
with the aid of the apparatus described by Clarke and Da\ is (9) adapted 
for liquids lighter than water ’ It was found that the acetal could be 
more convenientlj’’ purified after recrjstallization from methanol bj^ dis- 
tillation (150-170° at 2 mm ) For analysis the acetal was distilled m a 
micro sublimation apparatus (bath 110°, 2 mm ) palmitaldehyde gljceiyl 
acetal, mp 48-49°, found, C 72 63, H 1189, calculated for C19H38O3 
(314 49), C 72 56, H 12 18, stearaldehyde glyeervl acetal, m p 57°, found, 
C 73 27, H 12 64, calculated for C^iHi O3 (342 5), C 73 61, H 12 36, mole- 
cular weight (Hast, camphor) 353 

Determination of Aldehydes with Fiichsin Reagent — The fuchsin leagent 

^ A mixture of equal parts of phosphoric acid anhjdndc and sand was used as dry- 
ing agent 
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was prepared accoidmg to Feulgen and Grunberg (3) The capryl alco 
hoi was purified by the addition of sodium and subsequent distillation 
The standards and the samples to be tested were dissolved m glacial 
acetic acid in a concentration of about 0 1 mg per ml and kept at room 
temperature Two or three dilutions of this solution ivith glacial acetic 
acid were made (usually 3 1,1 1, and 1 3) and 1 ml portions of the ongi 
nal and the diluted solutions were used for the test 
To the acetic acid solution m a glass-stoppered cylinder were added 3 
drops of 6 per cent mercuric chloride solution, 10 ml of the fuchsm reagent, 
and 1 ml of 1 n HCl The contents were well mixed by shakmgand the 
tightly stoppered cylinders w'ere placed m a water bath at 37° for 18 to 
24 hours (If the cyhnders were not tightly stoppered, the escape of SOj 
resulted in irregular values ) After coohng, the colored compounds were 
extracted by shaking for half a mmute with 10 ml of capryl alcohol, and 
the alcohohc solutions were cleared by centrifugmg, transferred to the 
standard test-tubes, and read m the photoelectric colorimeter wnth Ckim- 
mg Filters 440 and 348 

Acetals As Standards — The suitability of the acetals as standards was 
studied with the above procedure Solutions of palmitaldehyde and 
stearaldehyde glyceryl acetals in acetic acid, contaming about 0 1 mg per 
ml , served as stock solutions When such a solution is allowed to stand at 
room temperature, even for a penod of 3 weeks, the color density, as meas 
ured with the same batch of fuchsm reagent, does not change A solution 
tested after 6 weeks showed a decrease in density of about 10 per cent 
The values for different preparations of the acetal were identical Pal 
mitaldehyde and stearaldehyde acetals also gave identical values, showing 
that the difference m cham length withm this range did not influence the 
color development withm the error of the method With different batches 
of the fuchsm reagent, wide differences m results were obtained with the 
same acetal preparation (Fig 1, Curves 1 and 2), but the ratio of the ex- 
tmction coefficients of various derivatives remamed the same 
The influence of temperature on the color development of the 
was tested by carrying out the detennmation both at 7° and at 37 A 
7° the sjmthetic acetal developed no color even after 24 hours At 3 
the maximum was reached after 18 hours (Fig 2) 

Fxichsin Test with Aldehyde Derivatives — ^All tests were carried out a 
37° for 24 hours Equimolar concentrations of the carboxymethoximes 
gave the same color values as did the acetals, but the carboxypheny y 
drazones and the thiosemicarbazones yielded only 66 to 85 per cent o e 
color developed by the standard The stability of the hydrazones m ace 
tic acid was studied by keepmg a solution of 403 mg of the p car 
nylhydrazone of stearaldehyde at room temperature for 24 hours 
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tnbution between ethei and 4 per cent potassium cirbonatc ‘solution ga\e 
135 mg of hydrazone, recovered from the carbonate, and 158 mg of ether- 



Fig 1 Color values of acetals and hydrazones id the fucbsin test Curves 1 and 
2 represent palmitaldeh^de glyceryl acetal and stearaldehydc glyceryl acetal, with 
two different fuchsxn reagents Curve 3 represents the p carboxypbcnylhydrazones 
of palnutaldehyde and stearaldehydc, with the samefuchein reagent as in Curve 1 
(This IS almost 62 per cent color value ) Curve 1 was constructed from. C7 points, 
of which 52 were w ithin ±5 per cent, the rest withm ±10 per cent Curve 2 was con 
structed from twenty four points, of which eighteen points were within ±5 per cent, 
the rest being within ±10 per cent 



Fig 2 Color development mth palnutaldehyde and stoaraldchyde glyccrjl ace 
tals , palmitaldehyde glyceryl acetal, X, stearaldehydc glyceryl acetal 

soluble residue corresponding to 60 per cent of the aldehyde present in the 

onginal hydrazone , 

Specificity of Fuchsin Reaction Tests with Lower Aldehydes e so u 
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tions tested contained 1 mg of aldehyde per ml Formaldehyde (25 to 
50 7 per ml ) gave a very deep color, of which only a very small portion was 
extracted by capryl alcohol, and which faded completely within 24 liours 
Heptaldehyde, glyceraldehyde phosphoric acid, glyceraldeh 3 'de, and 
methylglyoval yielded no color undei the conditions of the test * 

Determination of Higher Fatty Aldehydes in Animal Tissue— The fol 
lomng experiments show the application of the method to the determina 
tion of the higher fatty aldehydes in the muscle, brain, and nerie of the 
rat and guinea pig when palmitaldehyde gl 3 meryl acetal is used as standard 
The values from one typical experiment with each of the tissues are re 
ported The determinations were always carried out m three different 
dilutions of the extiacts, and m the case of muscle and brain, m duplicate 
The values are expressed as mg per cent of palmitaldehyde 

Muscle — Muscle tissue was minced finely with scissors on a watch glass 
A sample of about 1 gm was suspended m 10 ml of acetone (1), and shaken 
for an hour at loom temperature The liquid was decanted, and the ex 
traction was repeated The acetone extract was taken to drynesS w» 
uacuo and the lesidue was taken up m acetic acid (5 ml per gm of original 
tissue) The following values were found for abdominal muscle of a rat 
24, 24 0, 25, 25, 24, 28 mg per cent 

Bram — Brain tissue was mmeed as described for muscle A sample 
of about 100 mg was extracted with 6 ml of boiling 95 per cent ethanol 
The mixture was centrifuged for a feiv seconds, the alcohol was decanted, 
and the extraction was repeated The tissue was then extracted ten times 
wath 2 ml poi tions of boiling ether in the same w'ay The combined ex- 
tracts were taken to dryness in vacuo, and the lesidue was taken up m 
acetic acid (10 ml per 100 mg of origmal tissue) The following values 
were obtained for the brain tissue of a lat 327, 320, 340, 340, 340. 320 mg 
pel cent Brvin of guinea pig gave 310, 314, 280, (240), 310, 314, 300, 
320 mg per cent 

Nerve — A neive sample of about 20 mg was allowed to stand 1 hour 
m acetone, then removed and ground with sand The mixture of tissue 
and sand was w aslied into a centrifuge tube w ith 5 ml of 95 per cent ethane 
and boiled with the alcohol for a few seconds The mixture w'as centn 
fuged, and the extraction was repeated ten times with 2 ml poi tions o 
boiling ethei m the same way The combined acetone and ether extrac 
weie taken to di 3 Tiess m vacuo and the residue was taken up in acetic aci 

Wo are indebted to Dr C Neuberg /or a sample of synthetic dl glyceraldehy 
and to Dr O Meyerhof for a sample of barium salt of tnose phosphate oon 
per cent of its phosphorus as phospboglvceraldehyde Owing to the inso u i ^ 
both preparations, saturated solutions were used ivhich contained css 
mg per ml 
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(3 ml per 20 mg of original tissue) Two samples of r it nerve gave the 
folloivmg values Nerve 1, 496, 556, 539 mg pec cent, Nerve 2, 510, 538, 
478 mg per cent 

Recovery of Synthetic Acetals front Tissue Extracts and from Mixtures 
with Egg Yolk Phosphatides — 3 gm of rat abdominal muscle were minced 
and divided into four paits Two samples were extracted with acetone 
alone, two wath acetone containing known amounts of acetal For the 
piepaiation of the stock solution, the procedure described ibove was 
follow ed The fuchsin test w as carried out with two samples at 7°, and two 
samples at 37°, a control sample being paired at each temperature with one 
to which acetal had been added The amounts of acetal added corre- 
sponded to 23 mg of palmitaldehyde for 100 gm of tissue 

The following values weie found at 7°, control 32 ± 3 mg per cent, -1- 
acetal 32 ± 0 mg per cent, at 37°, control 32 ± 3 mg per cent, -h acetal 
42 ± 2 mg per cent 

The lecoiery of acetal at 37° corresponded to less than half of the cal- 
culated value It cannot be decided at this point whether this low re- 
covery of the acetal is due to the loss of a part of the naturally occurrmg 
aldehydes m our proceduie or to differences m the behavior of synthetic 
acetal and naturally occuriing aldehyde complex 

Egg 3 oik phosphatides w ere prepared according to Feulgen and Grun- 
berg (3) The fuchsm test was carried out with stearaldehyde glyceryl 
acetal mth and without addition of 1 mg of egg yolk phosphatide to each 
tube In the ice box no color was developed in either case At 37°, the 
acetals wath and without addition of phosphatide developed maximal 
color 


DISCUSSION 

The study of palmitaldehyde and stearaldehyde glyceryl acetals as 
standaids m the determination of the higher fatty aldehydes has shown that 
these compounds are ideal from the pomt of view of convenience The\ 
aie stable m solution and give reproducible results They can be handled 
at room temperature without liquefying, in contrast to the “monomeric 
aldehydes " 

The color density obtained with the acetals is higher than that found 
with any of the other aldeh 3 de deiivatives studied, with the exception of 
the carboxymethoximes, which give the same values tins hiiding sup- 
ports the assumption that the coloi Yielded by these compounds corre- 
sponds to that given by the monomelic aldehyde None of tlie prepara- 
tions of “free aldehyde” evei produced a higher color density and the only 
samples of palmitaldehyde and stearaldehyde which gave values equal to 
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those of the acetal had the characteristics expected of the monomenc 
aldehydes 

The acetals develop full color with the fuchsiu reageut withm 18 hours 
only if the test is carried out at 27“ The free aldehydes develop color 
immediately and give the maximum in a shorter time at a lower tempera- 
ture The thiosemicarbazones and carboxyphenylh 3 '-drazones attam a 
maximal color correspondmg to only 66 to 85 per cent of that of equimolar 
amounts of acetal It appears that these compounds liberate the free 
aldehydes under conditions which favor the formation of non-chromogemc 
products, it IS unhkely that the lower maxima are due to mcomplete 
sphttmg, since with these compounds color development begins imme- 
diately Moreover, it has been found that within 24 hours, the car 
boxyphenylhydrazone of stearaldehyde decomposes to the extent of CO 
per cent merely by standing in acetic acid solution at room temperature 
This labihty may explam why the p-carboxyphenylhydrazone is particu- 
larly suitable for aldehyde transfer (1) 

The acetals were onginally chosen as standards, not only on the basis 
of their sfcabihty, but also because, according to Feulgen and collaborators, 
the higher fatty aldehydes occumng m nature are bound m acetal linkage 
to glycerol Therefore, it would be expected that the synthetic glyceryl 
acetals would most closely reproduce the behavior of the naturally occur- 
rmg aldehyde complex toward the fuchsm reagent But a comparison of 
the two showed that this was not the case At the low temperatures at 
which the aldehyde complex from natural sources gave JfuU color develop- 
ment, the synthetic acetal did not give any color It may be reasoned 
that the presence of a phosphonc acid ethanolamine group m the plas- 
malogen would labihze the acetal Imkage But, accordmg to Bersm and 
collaborators (5), both synthetic plasmalogemc acid and synthetic plas- 
malogen develop color more slowly than the sunple glyceryl acetals Our 
method of preparation differed from that of Bersm only m that the acetals 
were purified by distillation as well as by crystallization From the ele- 
mentaiy analysis and molecular weight determmation it appears unlikely 
that the distillation could be responsible for an essential change in stnic 

Bersm and Feulgen noticed that the isolated plasmalogen developed color 
with the fuchsm reagent at a slower rate than the compound present in 
tissue extracts They attributed this behavior to the absence of ot er 
phosphatides serving as emulsifiers The use of egg yolk phosphati es 
was recommended as an emulsifymg agent m carrymg out the fuc m 
test In our experiments the addition of phosphatides had no e ec 
Our results suggest that the aldehyde hnkage m the naturally occurrm 
complex may be more labile than the acetal Imkage ivith glycero 
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iUdehydes can be determined with good reproducibility by the fuchsm 
test in extracts of tissues, but it is impossible to decide at tins point whether 
all of the aldehyde present is determined, since the natuie of the naturally 
occurring aldehyde linkage is unceitam From the results wth some de- 
rivatives (thiosemicarbazones, carboxyphenylhydrazones), it appears that 
the maximal color development of compounds containing the aldehyde is 
not necessarily equivalent to that of the free monomeric aldehydes 

SUMMARY 

A quantitative study of the fuchsm test wth denvatives of higher 
fatty aldehydes and with the free aldehydes themselves is presented 
Palmitaldehyde and stearaldehyde glyceryl acetals are shmvn to be satis- 
factory standards m regard to stability m solution, and reproducibihty 
The acetals and carboxymethoximes of palmitalflehyde and stearaldehyde 
give the same maximal color development, which apparently corresponds 
to that of equivalent amounts of monomeric aldehyde Other derivatives 
and different preparations of the free aldehydes give lower color maxima 
The synthetic acetals of the higher fatty aldehydes do not develop any 
color at low temperatures, whereas the aldehyde complex from natural 
sources develops full color With acetals as standards, the fuchsm test 
must be earned out at 37®, at which temperature the maximum is reached 
withm 18 hours This findmg casts some doubt on the glyceryl acetal as 
the naturally occurnng form of the aldehydes 
The behavior of several naturally occurnng lower aldehydes in the fuch- 
sm test IS described 

The fuchsm test has been apphed to the determmation of aldehydes m 
tissue extracts 
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In the customary method for the determination of deliydroascorbic acid 
the amount of ascorbic acid is estimated by oxidation-reduction techniques 
befoie and after reduction with HjS Kmg (1) has shomi that certain 
ketones and aldehydes on tieatment with H»S form compounds that re- 
spond like ascorbic acid m oxidation-reduction procedures, leading to a 
considerable error 

In a method, developed m this laboratory, for the determmation of total 
vitamin C (2) an acid extract of tissue is passed through norit, this oxi- 
dizes ascorbic acid to dehydroascorbic acid, the bis-2,4-diiiitrophenyl- 
hydrazone of which is treated with sulfuric acid, and the lesultuig red 
color IS measured photometrically We have adapted these analytical 
piinciples to the determmation of dehydroascorbic acid m the presence of 
ascorbic acid The procedure is similar to the above except that the acid- 
extracting solution contains 1 per cent thiourea and the oxidation by 
norit IS omitted The purpose of the thiourea is to stabihze the ascorbic 
acid durmg the extraction and subsequent treatment Pure ascorbic 
acid dissolved m a solution contaming 1 per cent thiourea and 5 per cent 
metaphosphonc acid, in a concentration of 15 r per cc , gives no color 
after 5 hours coupling treatment with 2,4-dimtrophenylhydrazme at 37° 
The assumption that no dehydroascorbic acid is formed from the ascorbic 
acid in plant tissues under the specified conditions is supported by the 
finding of some very low values for dehydroascorbic acid (Table I) 

EXPEHIMENTAl, 

Plant tissues purchased in a city market were giound m 5 per cent meta- 
phosphoric acid solution The ascorbic acid was photometrically detei- 
mined m this extract by means of mdophenol buffered at pH 3 b, according 
to the suggestion of Bessey (3) To 1 cc of metaphosphonc acid filtr ite 
m a coloiimeter tube in an Evebm colorimeter were added 9 cc of mdo- 
phenol contaimng appropriate amounts of sodium acetate according to the 
technique of Evelyn, Malloj, and Rosen (4) This procedure gave the 
values showm in Column 1 of Table I Another portion of the filtrate was 
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Table I 

Comparative Analyses of Plant Tissues for Vitamin C 
The values are expressed as mg per 100 gm or 100 co of material 


Tissue 

Ascorbic 

acid 

AscorbicaCK 
+ dchydro* 
ascorbic acic 

1 1 Dehydroascorbic acid 

Indophenol 

photometric 

method 

(1) 

2 4>Dmitro< 
pheoylbydra 
zjae method 

(2) 

By differ 
ence 

(2) - 0) 

(3) 

Direct 

2 4-dinitro. 
pbenylhy 
drazine 

(0 

Apple 

3 1 

4 5 

1 4 

00 

Rhubarb 

1 6 

5 0 

3 4 

0 4 

Lemon juice 

57 6 

59 5 

1 9 

0 5 

Potato 

28 1 

31 6 

3 5 

05 

Turnip 

27 2 

30 0 

2 8 

07 

Asparagus 

19 7 

20 8 

1 1 

1 0 

Carrot 

5 4 

8 3 

2 9 

1 0 

Peach 

1 3 


2 0 

1 0 

Plum 

1 2 



1 2 

Pineapple 

15 6 

21 0 

5 4 

1 3 

Green peas 

17 5 

19 6 

2 1 

1 3 

Cucumber 

2 2 

5 5 

3 3 

1 4 

Grapefruit juice 

40 3 

45 0 

4 7 

1 6 

Spinach 

54 0 

54 0 

0 0 

1 8 

String beans 

16 0 

16 4 

0 4 

1 9 

Lima beans 

39 0 

43 5 

3 9 

20 

Lime juice 

31 0 

37 5 

6 5 

20 

Simlin 

14 7 

17 4 

2 7 

2 5 

Orange juice 

69 0 

74 0 

5 0 

3 4 

Potato, dehydrated 

99 4 

111 0 

11 6 

50 

Green popper 

169 0 

173 0 

4 0 

5 2 

Cauliflower 

75 5 

72 5 

-3 0 

6 3 

Yellow squash 

16 0 

26 0 

10 0 

7 5 

Parsley 

209 0 

219 0 

10 0 

8 3 

Orange peeling 

266 0 

282 0 

16 0 

11 3 

Grapefruit peeling 

196 0 

235 0 

39 0 

14 0 

Kale 

234 0 

238 7 

4 7 

17 5 

Broccoli 

108 0 

115 0 

7 0 

18 0 

Cabbage, dehydrated 

391 8 

405 0 

13 2 

18 7 

tt (t 


540 0 

28 0 

22 5 

Lemon peeling 


210 0 

6 0 

25 0 

Orange marmalade 

21 2 

23 0 

1 8 


<1 

4 4 

7 1 

2 7 

0 8 

Apple butter 

0 8 

2 6 

1 8 1 

1 s 


then, diluted 2 to 5 times with metaphosphouc acid and glacial 
to make a final solution containmg 5 per cent metaphosphonc acid an 
per cent acetic acid This was passed through nont and the tota e y 
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droascorbic acid determined as pieviously described (2) The results are 
shown in Column 2 of Table I The values for dehydroascorbic acid 
(Column 3) are obtained by subtiactmg each value of Column 1 from the 
correspondmg value m Column 2 Their validity obviously depends upon 
the precision and specificity of the tii o methods used The data of Column 
4, Table I, were obtamed by out direct procedure which will be described 
in detail below 

Direct Method for Dehydroascorbic Acid (for Plant Tissues Only ) — ^The 
tissue IS ground under usually 50 and never less than 20 paits of a solution 
contammg 5 pei cent metaphosphoric acid and 1 per cent thiourea After 
filtration 4 cc of extract are placed m each of three matched photoelectric 
colorimeter tubes One tube is kept for a blank To each of the others is 
added 1 cc of 2 per cent 2,4-dmitrophenylhydrazme in approximately 9 
N sulfuric acid These are held at 37“ for 3 hours, then cooled, together 
w ith the blank, in ice water To each of the three tubes, while m the ice 
water bath, 5 cc of 85 per cent sulfuric acid are added from a burette, a 
drop at a time, durmg not less than 1 mmute (SuKuric acid, not grease, 
should be used for lubncatmg the stop-cock of the burette ) Fmally 1 
cc of the 2 per cent 2,4-dmitrophenylh3drazine solution is placed m the 
blank tube The tubes are shaken thoroughly under the ice water, re- 
moved to a rack, wiped dry after 30 mmutes, and read m a photoelectric 
colorimeter, ivith a 540 m« filter 

Colorimeter readmgs should be taken 30 to 45 mmutes after removal 
from the ice bath In some plant extracts a slight yellowish coloration 
appears when the 85 per cent sulfuric acid is added This is compensated 
bv the blank, to which the colorimeter is adjusted before the unknowm is 
read As the center setting does not remam constant m all cases, a greater 
increase m color sometimes taking place m the blank tube than m the un- 
known, the colorimeter readmgs should be made as directed above 

Appropnate standards must be run along with the unknowns, or, prefer- 
ably, a calibration curve and chart are made with standard solutions of 
dehydroascorbic acid m concentrations rangmg from 0 25 to 15 y per cc 
To prepare the dehydroascorbic acid standard, a solution of 25 mg of 
ascorbic in 25 cc of 5 per cent metaphosphoric acid is treated with 1 or 2 
drops of bromme, shaken until yellow, decanted from the excess of bro- 
mine into a large test-tube, and aerated untd colorless Standards of 
appropriate concentrations are made by dilutmg with 5 per cent meta- 
phosphoric acid contammg 1 per cent thiourea 

niscossiON 

Table I is of mterest with respect to the methods for the determmation of 
ascorbic acid When little dehi droascorbic acid was present m the tissue, 
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the results by the mdophenol and the dinitiophenylhydrazine method aie 
in good agieement In othei analyses, niaiked differences can be accounted 
foi bj' the \alue obtained foi dehydioascoibic acid bi oui duect method 
The agieement between the data obtained by the widelj diffeient methods 
IS evidence foi the specificity of each, and suggests possibilities of obtain- 
ing more leliable and precise values foi true ascorbic acid than can be 
secured by bioassay techmques 

Our studies indicate that the mdophenol method, as modified by Bessej 
(3), IS reliable foi the estimation of ascoibic acid in most plant tissues, and 


Table II 

Recoveries of Dehydroascorbic Acid Added to Plant Tissues When Analyses Were 
Carried Out by Direct Dehydroascorbic Acid Method 


The values are in terms of micrognms per 4 cc of filtrates of 1 50 dilution 


Tissue 

Amount 
m control 
filtrate 

Amount 

added 

Amount 

obtained 

after 

addition 

Amount 
recov ered 

Per cent 
recovery 

Lemon juice 

1 

8 

34 2 

38 4 

36 6 

107 

Orange “ 

2 

4 

34 2 

37 8 

35 4 

104 

Cauliflouer 

3 

3 

34 2 

39 4 

36 1 

105 

Spinach 

3 

7 

34 2 

38 7 

35 0 

102 

Kale 

5 

5 

34 2 

43 6 

38 1 

111 

Apple 

0 

0 

33 2 

32 4 


98 

Peach 

0 

0 

33 2 

33 2 


100 

Pepper 

6 

1 

37 2 

47 0 


110 

String beans 

1 

3 

37 2 

39 4 

38 1 

102 

Yellow squash 

2 

5 

37 2 

40 5 

38 0 

102 

Simlin 

3 

5 

37 2 

41 4 

37 9 

102 

Lemon peeling 

17 

2 

29 7 

50 0 

32 8 

110 

Orange “ 

13 

2 

29 7 

47 0 

33 8 

114 

Lemon “ * 

3 

3 

25 8 

30 7 

27 4 

106 

Orange “ * 

4 

G 

25 8 

31 3 

26 7 

103 


* Filtrate of 1 200 dilution 


that the 2,4-dinitiophenylhydrazme method is satisfactory foi the deter- 
mination of both ascoibic acid and dehydioascorbic acid m the same 
matenal The mdophenol method is obviously madequate uhen de y 
droascorbic acid is piesent in appreciable amounts 

The recoveiies obtained by oiii duect dehj^dioascoibic acid metio , 
when dehydroascoibic acid was added to a gioup of plant tissues, are 
shown m Table II The high recoveries m the first evpeuments ivi 
lemon and orange peeling (110 and 114 pei cent) vere due to the ° 
too low a dilution, 1 50 Wlien these analj^ses were lepeated vn 
extract diluted 1 200, the recoveiies were satisfactory 
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One piobleni in vitamin C analysis is the possible mterference in chemical 
methods by the leductone or enediol t 3 rpe of compounds that are formed 
b^ heating caibohydrate-containing foods in the presence of acid or alkali 
These products rapidly decolorize mdophenol (5) and also interfere in the 
dinitrophenjdhj drazine methods In Table III are summaiized the results 
obtained bj boiling carbohydrates in slightly acid, approximately neutral, 

Table III 

Apparent Vxiamin C Produced by Boiling Carbohydrates in Slightly Acid, 
Approximately Neutral, and Alkaline Solutions 


All solutions contained 1 gm of carbohydrate per 100 cc 



1 


pH 


Apparent 

ascorbic 

acid 

Apparent 
ascorbic acid 
+ dchydro- 
ascorbic acid 

Aoparent 
deh> droascorbic 
acid 

Carbohydrate 

Treatment 

Before 

boiling 

After 

boiling 

Indo 

phenol 

method 

(1) 

Dmitro> 

phenylhy 

draame 

method 

(2) 

By differ 
ence 
(2)-(l) 

Direct 

dmitro 

phenylh> 

drazine 

method 

Glucose 

Distilled HjOsolu 

5 

5 

4 

7 


0 04 

0 01 

0 02 

Fructose 

tion boiled 4 hrs 

5 

9 

4 

4 


0 08 

0 08 

0 04 

Dextrin 


3 

7 

3 

7 


0 04 

0 04 

0 003 

Glucose 

Phosphate-buffered 

6 

8 

6 

4 


1 10 

0 95 

0 79 

Fructose 

solution boiled 4 

6 

8 

6 

6 


1 19 

1 05 

0 79 

Dextrin 

1 

hrs 

6 

8 

6 

6 


0 20 

0 19 

0 21 

Glucose 1 

0 5% NaHCO, so 

8 

3 

8 

5 

13 1 

20 0 

6 9 

4 9 

Dextrin 

lution boiled 30 

mm 

8 

3 

9 

2 

2 4 

3 4 

1 0 

1 6 

Glucose 

0 5% NaHCO, so 

8 

3 

8 

4 

23 4 

20 6 

-2 8 

6 3 

Dextrin 

lution boiled 90 

mm 

8 

3 

9 

4 

10 2 

3 1 

-7 1 

2 8 


and alkaline solutions After 30 and 90 mmutes boilmg of alkaline solu- 
tions of glucose and dextrm, relatively large amounts of apparent vitamin C 
Mere obtamed by each method, but vhen solutions of glucose, fructose, or 
dextrin were boded for 4 hours at pH 5 5 to 3 7, only traces of substances 
that interfere in either of the»analjd.ical methods vere produced, the same 
treatment of simdar solutions buffered vnth phosphate at pH 6 S also 
gave relatively low values 

It appears from the data of Table III that mterference in anahtical 
methods for vitamin C as a result of the cookmg process is not seiious w hen 
the heating is carried out, as is customarj’-, in neutral or slightlj acid solu- 












516 


DETERMINATION OF VSCORBIC \CID 


tions In view of these results it is suggested that the higher ralues for 
vitamin C sometimes obser\'ed with the mdophenol method with previously 
heated plant tissues are probably explained by the mactiv ation of the as 
corbic acid oxidase of the tissue, with resultant preservation of the re 
duced form of the vitamin 

Adaptation of Original 2 ,4-DinitrophcnijlIiydrazine Method for Blood and 
Unne to Analysis of Plant Tissues — The 2,4-dmitrophenylhydrazine 
method of determining vitamm C was originally apphed to blood and 
urine (2) As some laboratories have now' adapted this method to other 
substances, we wish to make certain lecommendations in regard to its 
apphcation to plant tissues Except for the need for a calibration curve 
and the use of a solution contammg 5 per cent metaphosphonc acid and 
10 per cent acetic acid instead of 6 pei cent trichloroacetic acid for ex 
tractmg the tissue, the procedure is essentially the same Adsorption of 
the vitamin on the nont is counteracted by the presence of acetic acid 
Trichloroacetic acid has the same effect, but m increased concentration it 
may crystallize out when the sulfuric acid is added later m the process, 
and so the use of acetic acid is preferable Smce the concentration of 
acetic acid mfluences the rate of coupling, the same amount of acetic acid 
must be used m preparing the calibration curve as m carrymg out the 
analyses 

1 gm of nont to 50 cc of filtiate is recommended, but highly pigmented 
plant filtrates may have to be treated with nont two or three tunes to 
obtain complete clarification When 10 per cent acetic acid was present 
in the extraction fluid, no decrease m value resulted when 3 gm of nont 
pel 50 cc were added, but losses of 3 8 per cent were observed when 6 
gm weie used Filtrates containing 15 per cent acetic acid did not show' 
diminished values w hen 8 gm of nont per 50 cc were added 

The sensitivity of the 2,4-dimtiophenjlhydrazme methods requires the 
use of relatively dilute extracts, an advantage from the standpoint of 
mterfeieiice from other substances As a rule in making extracts we take 
an amount of tissue expected to yield a filtrate contammg 0 2 mg of vita 
mm m 100 cc of filtrate, but this amount should not exceed 2 gm per 100 
cc unless extremely small quantities of v itamm C are involved 

SUMMARX 

1 A method for the dnect determination of dehydroascorbic acid m the 
presence of ascorbic acid in plant tissues has been develpped 

2 The dehydroascorbic acid of a metaphosphonc acid extract, 

the ascorbic acid is stabilized with thiourea, is coupled with 2,4 mi ro^ 
phenylhydrazme and the resulting derivative is treated with sulfuric aci 
to produce a red color w Inch is measured photometncally 
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3 Certain modifications of the onginal 2,4-dmitrophenylhydra2ine 
method for the determination of the total vitanun C m blood and unne 
have been made m order to adapt this technique to the analysis of plant 
tissues 

4 A comparison of results obtamed with thirty-two plant tissues by the 
mdophenol photometnc and the 2,4-dinitrophenylhydrazme method has 
been made Good agreement of results by the two methods was obsetved 
except when much dehydroascorbic acid was present 
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MICRO GLASS ELECTRODE TECHNIQUE FOR DETERMINA- 
TION OF HYDROGEN ION ACTIi;TTy OF BLOOD 
AND OTHER BIOLOGICAL FLUIDS* 

By C LLOYD CLAFFt and ORVAR SWENSONf 
(From the Laboratory Jot Surgical Research, Harvard Medical School, Boston) 

(Received for publication, November 26, 1943) 

The amount of biological fluid available for deteimmations of hydrogen 
ion concentration is often small, for example, m this laboratory it was diffi- 
cult to carry on end studies on tumors and fractures because of the small 
amount of fluid available for determinations several daj^s after the start 
of an experiment A new technique was therefore devised to measure the 
hydrogen ion activity in quantities of fluid as small as 0 005 ml With 
standard acetate reference buffer solution and other buffer solutions inth 
a tolerance error of ±0 02 consistently reproducible results were obtained 
TOthm the tolerance of the buffer solution, t e , ±0 02 An advantage of 
the glass electrode described herem is the fact that if a capillary glass elec- 
trode tube IS broken or clogged it can be discarded and another one used at 
once, ivithout mterruption or delay of the experiment This method of 
fllhng the capillary reduces errors which might arise b> reason of gas ex- 
change 


Apparatus 

The apparatus consists of three parts a calomel half-cell, a fan-shaped 
Pyrex glass funnel for the 0 1 HCl and the Ag-AgCl electrode, and a 
Cormng glass No 015 capillary tube 75 mm in length^ The calomel half- 
cell IS fitted ivith a reservoir for saturated KCl (Fig 1) The outlet is 
raised a few mm from the bottom of the leservoir to form a tiap to catch 
crystals formed in the saturated KCl by change of temperature This 
prevents crystals from cloggmg the tube or being carried dorni the tube 
and settlmg in the bottom of the saturated KCl drop nhere the liquid 
junction IS formed, thus causmg errors m determinations Two stop-cocks 
control the foi-mation of this drop (Fig I) The flattened funnel for hold- 

* Aided m part by a grant from the American Medical Association 
t Research Fellow in Surgery, Harvard Medical School 

t Assistant and Arthur Tracy Cabot Fellow in Surgery, Harvard Medical School 
^ These may be drawn to any desired diameter and stored in 0 1 \ HCl Special 
extremely fine capillary tubes are available from the National Techmeal Laboratories 
(miero tube No 186 M) Our capillaries were drawn by Mr James Graham, Um- 
versity of Pennsylvania Medical School, Philadelphia, Pennsylvania 
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mg the 0 1 N HCl and Ag-AgCl electrode is made of Pyre\ glass It is 
50 mm long and 30 mm deep, open at the top, so the capiUaiy can be 
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suppoited across the opening It is fitted inth a side arm for holdmg the 
Ag-AgCl electrode It has, also, a solid glass extension which enters a 
rubber holder This m turn is fastened to a Incite arm capable of being 
raised and low ered bv a racL, and pinion movement as well as moving on an 
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end bearing in a horizontal plane The 0 1 n HCl is introduced into the 
vessel with a pipette until it is filled to capacity The surface tension 
holds the HCl from running out of the open ends 

The Corning No 015 glass capillary is 75 mm m length and has two 
lucite ivafers attached to it by picem The capillary assembly is made up 
in a jig (Fig 2) so that the lucite wafers will always be the same distance 
apart Starting 4 mm from each end, the capillary is brushed with hot 
paraffin as far as the lucite w afers This leaves the capillary beta een the 
w'afers e\posed (Fig 1, C) The three elements are mounted on a lucite 
base and rod The whole assembly is set up in an electrically shielded 
copper box connected by shielded cables to a No 7660 Leeds and Northrup 
pH indicator 


Method 

The capillar j'- tube is cleaned thoioiighly by suckmg through it in the 
order mentioned Keego,^ 0 1 N HCl, alcohol, distilled w ater, and 0 2 pei 
cent potassium oxalate (to prevent blood clotting) by means of a small 
vacuum pump fitted to a water trap wnth pressure tubmg A small glass 
tube IS fitted to the end of the pressure tubmg and a short piece of pure 
gum rubber tubing is attached to it, which can be pmched over the end of 
the capillary while it is held This makes a convenient waj to applj 
suction to the end of the capiUarj' tube Next the capillary is thoroughlj’' 
diied by suckmg air through it The flmd to be tested is taken into the 
capillary by a mouth pipette The capillary is next placed across the 
open end of the funnel-shaped vessel (Fig 1, B) wth the lucite w'afers 
resting just outside the rim of the vessel 

By means of the rack and pinion movement the ivhole assembly is raised 
mto the hanging drop, thus makmg the hquid junction 

When micro capillaries (micio tube No 186-M, National Technical 
Laboratories) are used, a slightly different technique is necessarj The 
fluid to be tested is taken up bj capillary attraction The capillarj is 
filled to wathin 10 mm of its end When the tube is held w ith the unfilled 
part up, a plug of picein, heated over an alcohol lamp, seals the air chamber 
The capillary is next placed across the open end of the funnel-shaped \ essel 
(Fig 1, B) as before 

The whole assembly is raised until the end of the capillary is just below 
the hangmg drop A heated glass rod is brought near the sealed end of the 
capillary to expand the air and push out the concave meniscus until a small 
bubble of liquid is formed on the end of the capillary kt this point the 
capillary is raised into the hangmg drop, thus making the liquid junction 

^ Wyandotte Keego cleaner, J B Ford Company, Wyandotte, klichigan 
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If the above modification of techmque is not followed, a small air bubble 
mil be formed at the hquid junction due to the fact that the meniscus at 
the end of the small capiUarj' is concave This will mvanablj cause an 
error m the detenmnation 

After the detenmnation is made, the capillary assembly is remoied 
(if it IS the micro capdlary, the picem plug is pulled off) The capiUarj is 
then thoroughly v\ ashed m Keego, 0 1 n HCl, alcohol, and distilled water, 
by sucking these through b}"- means of the vacuum pump m the order named 
It IS then ready for a new detenmnation, or for storage m 0 1 v HCl 
When capillanes are stored m 0 1 x HCl, the picem loosens around the 
capillary When removed from storage, it is necessary, therefore, to 
dry the assembly mth tissue paper, place m the jig, and reseal the Incite 
wafers to the capillary Failure to do this will give erratic readmgs The 
capdlary assembly should be handled bj holdmg the Incite wafer or the 
paraffined ends of the capillary, never the middle part between the wafeiv 
Fluid may be obtamed from deep seated areas by msertmg a No IS 
gage hollow needle mto the site and allowmg it to stand for a short penod 
of time untd enough flmd has collected m the lumen of the needle The 
end of the glass capillary, thoroughly dried, can be inserted mto the needle, 
filled by capillary attraction, and removed 
When not m use the fan-shaped glass holder should be dramed and the 
Ag-AgCl electrode stored m 0 1 x HCl 



THE CHEMISTRY OF PHYT03I0NAS TUjMEFACIENS * 

II THE COMPOSITION' OF THE ACETONE SOLUBLE FA.T 
Bt SIDNEY F YEUCK and R J ANDERSON 
(From the Department of Chemistry, Yale Uniuersity, New Haven) 

(Received for publication, November 22, 1943) 

The croivn-gall bacillus, Phytomonas imnefaciens, stimulates m plants an 
abnormal cell groivth which beam certam resemblances to mahgaant animal 
neoplasia (1) It has therefore been suggested that the action of the hving 
bacillus IS due to the hberation of growth-stimulatmg substances of a 
caremogeme nature Although it has not yet been possible to prot e the 
presence of such a substance, it is of considerable mterest that the lipids 
extracted from the bacterial cells have been shown to contam a fatty acid 
fraction (2, 3) which is similar m several respects to the branched cham 
fatty acids of the tubercle bacillus, one of ■which, phthioic acid, has marked 
cell-stunulatmg properties (4) 

The present n ork is a continuation of the study of the hpids of Phyto- 
monas iumefaciens The bacteria had been cultivated on a s^mthetic 
medium m iihich sucrose iias the chief source of carbon On such a me- 
dium the organism retains its virulence (5) and elaborates a phosphatide 
which contains liquid saturated fatty acids of high molecular n eight as 
well as choline, ethanolamine, glycerophosphoric acid, and normal fatty 
acids (3) 

The acetone-soluble fat, which is the subject of this report, was a reddish 
brown oil at room temperature It contained about 70 per cent of free 
fatty acids After saponification the fatty acids were separated by means 
of the lead salt-ether procedure mto solid and liquid acids The solid acids 
consisted mamly of palmitic acid The hquid acids were subjected to 
catalytic reduction wnth hydrogen and platinum o'ude, after which the lead 
salt-ether separation was repeated The solid i educed acids contamed a 
small amount of palmitic acid but the mam component was stearic acid 

The liquid fatty acids, m addition to the unsaturated acids, contamed a 
small amount of liquid saturated fatty acids These acids formed lead 
salts that were easily soluble in etbei and hence were contamed m the 
ethereal extract obtamed on treatmg the lead salts of the reduced acids 
with ether 

The w ater-soluble constituents isolated after ths fat had been sapomfied 
formed a nscous syrup which gave no Mohsch reaction but a positive 

* This work was aided by a grant from The International Cancer Research Founda- 
tion 
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acrolein reaction, thus indicating the piesence of glycerol It would appear 
therefore that the acetone-soluble fat was a mixture of free fatty acids and 
some neutral glycerides 

The hquid saturated fatty acids mentioned above i\ere converted to the 
methyl ester and the latter was subjected to fractional distillation A 
liquid saturated acid was obtained, the empirical formula of which appeared 
to be C20H40OJ Owing to the small amount of matenal available, it was 
not possible to estabhsh the purity of this acid conclusively However, its 
properties were very similar to those of a branched acid of the composition 
CjoHioOi isolated from the phosphatide m slightly larger amounts and sub 
jected to a more rigorous purification (unpublished data) 

As m the case of other pathogenic bacteria grown on a synthetic medium 
(6), no sterols could be detected m the unsaponifiable fraction However, 
a peculiar new steam-volatde substance w as isolated It was purified by 
fractional distillation and found to consist largely of a compound of the 
formula CuHioO Tests for aliphatic double bonds, hydroxyl, methoxyl, 
and carbonyl groups were negative Both the composition and the phys 
ical constants corresponded with those of diphenyl ether 

Although the diphenyl ether structure forms part of the thyroxme mole- 
cule and IS thus known to be synthesized in nature, it was considered de- 
sirable to repeat the isolation on new matenal Through the courtesy of 
Dr A J Hiker an additional quantity of Phylomonas iumefaciens groivn 
during the course of other mvestigations (7) was supphed These bacteria 
differed from the ones previously extracted m that they bad been lyophi 
hzed after isolation, whereas the pievious matenal had been extracted m 
the moist state There were also differences m the composition of the 
culture medium On the basis of the former results the new matenal should 
have contamed about 200 mg of diphenyl ether Actually only 25 mg 0 
a dark, strong smellmg steam-volatde oil were obtamed in which no di 
phenyl ether could be detected It is possible that volatile material may 
have been lost dunng lyophihzation or that because of the differences m 
the culture medium the bacillus, which has been shown to be sensitive 
metabohcally to such changes (3, 8), did not produce diphenyl ether 
the second set of conditions Although the findmgs bear confirmation, e 
possibihty cannot be excluded that the previously isolated dipheny e er 
was a genume metabolic product 


EXPEMMENTAL 


The large scale cultivation of Phylomonas iumefaciens was carne ou 

Dr A J Hiker and associates m the Department of Plant Patho op' 

Umversity of Wisconsm The synthetic medium contamra ^ 
sucrose, 2 5 gm of glutanuc acid, 0 2 gm of sodium chlonde, g® 
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magnesium sulfate heptahydrate, 0 1 gm of calcium chloride, 1 0 gm of 
dipotassium phosphate, and 7 5 gm of ammomum sulfate per hter of water 
Aftei being tested for purity and virulence, the bacteria were isolated by 
centrifugation and frozen in the moist state in sohd carbon dioxide, in which 
form they were shipped to New Haven 

Exlraclton ' — Immediately upon arrival each lot of bacteria was mixed 
unth 1 5 volumes of alcohol and allowed to stand at room temperature under 
an atmosphere of carbon dioxide for 1 to 8 weeks In all subsequent 
operations oxygen was excluded as much as possible by the use of carbon 
dioxide After the bacteria had settled, the straii -colored fluorescent 
supernatant hquid was siphoned off and replaced ivith an equal volume of 
alcohol which was siphoned off after 7 days The i esidues iv ei e now pooled 
and diluted with alcohol and ether until the total volume was 12 liters and 
the two solvents were present in equal amounts The extraction was 
contmued for 7 days with occasional shakmg and was repeated twice It 
was possible to separate the residues of the last two extractions by filtra- 
tion The bacteria were then extracted twice wnth 10 liters of chloroform 
and ether m a ratio of 1 1, and once wnth 10 liters of chloroform, each ex- 
traction as before bemg carried out for 7 days The alcohol employed m 
the extractions was refluxed over potassium hydroude and ledistilled 
before use The ether w as treated with ferrous sulfate to remove peroxides 
and distilled over potassium hydroxide 

The alcohol and the alcohol-ether extracts were combmed and concen- 
trated to a small volume under reduced pressure, diluted with water, and 
extracted w ith ether The chloroform extracts w'ere treated similarly but 
were reextracted ivith chloroform After the ether and cliloroform solu- 
tions were filtered through a Chamberland filter, they were evaporated to 
dryness at 35° Each fraction was dissolved m ether, filtered, and agam 
evaporated to dryness The ether-insoluble material was negligible The 
total ether-soluble material weighed 79 81 gm and corresponded to 6 4 per 
cent of the dry w eight of the bactena The wnter-soluble portions, con- 
sistmg chiefly of carbohydrate derived from the medium, were not further 
exammed 

Aceione-Soliible Fot— Since all of the fractions were similar in appearance 
and solubihty, thej'" were combmed and dissolved m 400 cc of ether To 
the resultmg solution were added 800 cc of acetone The mixture was 
kept overnight m the ice chest and the supernatant hquid decanted from 
the gummy precipitate and combmed with the subsequent acetone wash- 
mgs The solvent was distilled off under reduced pressure and the residue 
was dissolved m acetone A small amount failed to dissolve and was added 

* The extractions were carried out by Dr Alex Lesuk 
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to the main acetone precipitate Of the total hpids 4X 7 per cent was 
soluble in acetone 

The acetone-soluble fat was a reddish broivn oil which sohdified in the 
ice chest and melted at 9° A sample titrated m 90 per cent alcohol with 
alcohohc potassium hydroxide, a glass electrode bemg used, gave a rather 
flat curve with a shght drift near the mflection The end-point mdicated 
about 70 per cent free acid, calculated as oleic acid The iodine number 
was detenmned by the Yasuda method (9) and found to be 71 9 There 
were 11 9 per cent of unsapomfiable material and a trace of steam-volatile 
acids (Reichert-Meissl number 2 7) The sapomfication number was 180 6 

For the isolation of the components the fat was sapomfied wnth alcohohc 
potassium hydroxide under an atmosphere of mtrogen on the steam bath 
for 3 hours Without distiUmg off the alcohol, the solution was diluted 
with water and extracted with ether to remove the unsapomfiable matenal 
The soap solution was then acidified and the acids were extracted ivith 
ether 

Water-Soluble Fraction — The aqueous residue after extraction of the 
acids gave a negative Molisch test and hence contamed no carbohydrate 
It w’as neutrahzed with sodium hydroxide and evaporated to dryness in 
vacuo The residue was extracted wuth absolute alcohol, filtered, and agam 
evaporated to dryness and extracted with alcohol This process was re- 
peated several times A small amount of viscous dark liquid remamed 
which gave a positive acrolein test for glycerol but did not yield a crystalline 
tribenzoate 

Unsaponifiable Fraction — During the determination ci the Reichert- 
Meissl number small globules of a colorless oil collected on the aqueous 
distillate and sank to the bottom when the surface w'as disturbed The 
distillate was neutralized and extracted with ether After the extract had 
been washed with water, the ether was evaporated The residue possessed 
a characteristic aromatic odor and was neutral m reaction Accordmgiy 
the unsaponifiable fraction w'as subjected to steam distillation and more of 
the oil W'as obtamed In ordei to deteimme whether the matenal was 
chemically bound 6 62 gm of the fat weie steam-distilled without any 
previous saponification The od in the distillate weighed 0 40 gm T e 
residue was sapomfied and again steam-distilled, yielchng an additiona 
0 14 gm of oil A total of 1 9 gm of the oil was obtamed from 27 9 gm o 
the acetone-soluble fat The non-volatile unsaponifiable matenal was a 
viscous reddish biown oil It constituted 4 1 per cent of the acetone 
soluble fat The iodine numbei was 92 8 Tests for the presence of stem s 
w ere negative - 

Purification and Identification of Diphenyl Ether — Elementary ana 
the crude steam-volatile matenal mdicated the presence of oxygen o 
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ever, the material did not take up acetyl gioups when refluxed with acetic 
anhydride and pyridine nor did it yield alkyl hahde when refluxed mth 
hydnodic acid in the micro-Zeisel apparatus There was furthermore no 
detectable reaction mth SchiS’s reagent nor with dinitrophenylhydiazuie 
The oxygen thus appeared to he m a very stable linkage It was eventually 
possible to purify the material by fractional distillation m an effloient small 
column at 20 mm pressure The middle fraction, which appeared homo- 
geneous, crystalhzed m the receivei when supercooled and melted at 28° 

Analysts — S 844 mg substance 4 767 mg HjO and 27 34 mg CO 

Cl HioO Calculated, C 84 70, H 5 88, found, C 84 29, H 5 96 
Found for diphenyl ether n"'> 1 5810, 1)° 1 0728 
“ “ 1 5809, “ 10719 

p ,-p'-Dibromodtphenyl Ether — 50 mg of the puiified material were dis- 
solved m 0 5 cc of carbon disulfide and 0 05 cc of bromme u as added The 
solution was ailoued to stand overnight, after which it was extracted noth 
a few cc of dilute sodium hydroxide, dried, and evaporated to dryness 
The residue was recrystalhzed twice from methyl alcohol It melted at 
55 5-56° and gave no depression when mixed ivith a sample prepared from 
synthetic diphenyl ether (10) 

Analysis — 15 87 mg substance 25 45 mg COj and 3 76 mg H 0 

GijHjOBr Calculated, C 43 90, H 2 44, found, C 43 73, H 2 63 

Examination of Second Batch of Phyiomonas iuniefaciens for Diphenyl 
Ether^The cells supphed by Dr Hiker for reexammation of the unsapom- 
fiable fraction were originally grown m order to study the polysaccharide 
contamed m the culture medium (7) The bacteria had been isolated by 
centrifugation and lyophihzed Of the dried bacterial cells 94 gm iiere 
extracted m the manner previously described and the total ether-soluble 
portion saponified with alcohohc potassium hydroxide The unsaponifi- 
able material, isolated m the usual manner, w eighed S31 mg The material 
was suspended in v. ater and steam-distiiied until 600 cc of distillate were 
obtamed The etheieal extract of the distillate yielded 25 mg of a dark 
brown oil It possessed a strong odor which was markedly different from 
the characteristic odoi of diphenyl ether The material was dissolved in 
carbon disulfide and half of the solution taken for preparation of the p , p'- 
dibromo derivative The product obtamed was a tarry substance insoluble 
m methyl alcohol and hence was not p ,p'-dibromodiphenyl ether 

In order to make sure that no matenal had been missed 50 gm of the 
extracted cell residues were hydrolyzed for 8 hours at 100° wath 10 per cent 
sodium hydroxide The hydroh^sate was acidified and extracted three 
times with ether I'fo trace of steam-volatile matenal was found m the 
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ether e\tiact The non-\olatile ethei -soluble material upon evaporation 
n eighed 300 mg and consisted of sohd fatty acids 
Sabd Fatly Atnds Isolated from Acetone-Soluble Fat — sample of the fat 
Meighmg 14 90 gm }nelded on saponification 12 06 gm of fatty acids, 
corresponding to 81 2 per cent of the fat The acids were combmed mth 
material from the saponification of other samples and converted to the 
lead salts by precipitation of a hot aqueous solution of the potassium salts 
mth neutral lead acetate The lead salts nere Hashed, dried in vacuo 
ovei calcium chloride, and extracted mth etlier The insoluble salts iiere 
com ei ted to the free acids by treatment mth hydrochloric acid and ether 
The solid fatty acids thus obtained constituted 8 1 per cent of the total 
acids Two more lead salt fractionations of the solid acids removed an 
additional small quantity of liquid acids The sohd acids after this treat 
ment absorbed no iodine 

The metln 1 esters of 0 93 gm of the sohd acids were prepaied by treat- 
ment mth diazomethane After the esteis ivere washed and dried, they 
were fractionated in a small Ciaig still (II) The pot temperature was 
raised 5° per lioui and tiie column maintained 10° lower Fractions 2 and 
3 appeared to be fairly pure methjl palmitatc, m p 29 2°, and on sapomS 
cation yielded an acid winch after two reciystalhzatioi\s horn methyl 
alcohol melted at 62 5° 

Ina/ysis— D 52 mg acid 20 22 mg CO and 10 53 mg HjO 

Ci,H, 0 CaJcuJjlod, C 75 0, H 12 5, found, C 75 1, H 32 3 
Titration — 54 50 nig acid required 2 64 cc 0 0S07 \ KOH, neutral oquiialciit 2o5, 
calculated for CuHj 0 25G 

Fractions 4 to 6 contamed slightly increasing amounts of a higher homo- 
logue, probably stearic acid However, the lugher components were 
present m such small amounts that no puie acid could be isolated 
Liquid Acids — The liquid acids wcie reduced in alcoholic solution with 
hydrogen and platinum oxide Although the major poition of the hydro 
gen absoiption occurred in 3 hours, the solution was allowed to stand under 
shght hydiogen pressure oxermght After removal of the catalyst and 
distillation of the solvent at i educed piessme the pioduct was saponified to 
remote any ester that had formed and was then subjected to a lead salt 
fractionation From 18 11 gni of liquid acids theie w'eie obtained 16 1 
gm of sohd 1 educed acids , 

5 gm of the sohd reduced acids weie cstenfied with diazomethane an 
fractionated in a small, jacketed Widmei column at a pressure of 3 nim 
In the first distillation three fractions wcie taken Fiaction 3 was alnios 
pure methyl stearate Redistillation of the other fractions yielded more 
methvl stearate, bimgmg the total up to 54 pei cent of the sohd re uce 
acids” The ester melted at 38 3° It w as saponified w itli alcoholic potas- 
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Slum hydroMde and the free acid ^^as crystalhzed from methyl alcohol 
It melted at 69 6° 

The mtetmediele ftaelions ^ ':£ ot thi 

au impure ester of palmitic aci u ^*^„e,nuouslv varying composition iihich 
matenal and a series of fractions « “ palmitate and stearate All 

appeared to contain no componen transferred to the Craig still 

of the distUlation residue ivere 5 " -<^tenal 

and distilled until the totaljesid^^"^^^ than stearic acid 

neighed less than 70 mg o ^ ^ ^j^js obtamed after reduction 

could be found Smce the amount unsaturated acids 

was 93 per cent of the ongmal hqui , ^ith a small amount of 

must have consisted mamly of oleic acid together vntn 

palmitoleic acid ,r^u. ether-soluble lead salt fraction of the re- 

Ligutd Saturated the usual manner and the free acids 

duced hquid acids was J “ ^ found to be 2 5, the acids were 

isolated Smce the lodme . two more lead salt fractionations 

reduced a second time and p hrovm hquid which weighed 1 05 gm , 

The resultmg matenal was a ^ f^L acids It was saturated, 

correspondmg to 5 8 per cen o ^ ^ ^ jts which were completely 

smce It absorbed no lodme and it formed lead 

soluble m ether , tion of diazomethane and w ere 

The methyl esters were ^ ^er column Three fractions ot 

distilled at 1 mm pressure m a smal ^ ju the 

approximately equal ^ occurred when the ester fractions were 

mdex of refraction Sohdification occu ^Uo.ved to come 

immersed m an ice-salt bath ^ „ume an opaque fluid, then gradually 
slowly to room temperature, ^t P component in all 

cleared This behavior mdicated the presence 

of the fractions bv other methods the frictions 

After several attempts at , specially constructed column 

were combmed, reestenfied, and ^ Tiielve fractions were 

which wiU be descnbed 

taken from 580 mg of methy es fj-actions contained at least three 

The fore run consistmg of six sm uas therefore not ex- 
components m less than 250 mg o ^ jnelded an acid which 

after three recrystallizations r „„ient of 288 and was hence chiefly 

Itmeltedat63°andhad a neutraUc^u 1 g^^e^geuce of a pure com- 

steanc acid Fractions 7 to 10 indicatea 
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poneat The index of lefi action showed a plateau and the methyl estera 
remamed clear liquids at 0° Since the amount of material was not sufS- 
cient foi ledistillation, the combmed fractions were analyzed 

Analysis — 11 47 mg methyl ester 32 44 rag CO and 13 20 mg HjO 

C iH, O Calculated, C 77 50, H 12 8S, found C 77 12, H 12 79 

The carbon and hydrogen values correspond approximately to the calcu- 
lated values of the niethvl estei of an acid hanng the composition C-oHioO^ 
The lemainder of the ester was saponified wuth alcohohc potassium hy- 


f\BI.b I 

DisliUalion of Methyl Esters of Liquid Saturated Acids from Acetone Soluble Fat of 
Phylomonas tumcfaciens 
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Column temperature 
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1 4442 

6 

0 037 

2 


1 4445 

10 

0 030 

3 

146 


10 

0 026 

4 

149 

1 4471 

<0 

0 040 

5 

151 

1 4471 

3 

0 022 

6 

154 


18-26 

0 OCO 

7 

154 

1 4490 

6 

0 109 

8 

154 


<0 

0 062 

9 

154 


<0 

0 065 

10 

160 

1 4502 

<0 

0 033 

n 

165 

1 4514 

3 

0 063 

12 


1 4517 

5 

0 027 


droxide and the free acid isolated It w as hqiud at room temperature but 
sohdified m ice water and melted at about 15° 

Titration — 24 26 mg acid required 4 76 cc 0 01654 n KOH, neutral equnalent 
308, calculated for C oHioO 312 


SUMaUKY 

1 Phylomonas iumefaciens grown on a medium m which sucrose is the 
chief source of carbon contams 6 4 per cent of lipids of which 41 7 per cent 
IS acetone-soluble fat 

2 The acetone-soluble fat contams approximately 70 per cent free aoi 

3 The unsaponifiable mattei contained a steam-\ olatile substance w ic 

avas identified as diphenyl ether This compound was not found m organ 
isms grown under slightly different conditions , 

4 The acetone-soluble fat contamed a small amount of solid sahua e 
fatty acids, mainly palmitic acid, and a large amount of unsatuiate aci s 
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which yield mainly stearic acid on reduction, but a small amount of palmitic 
acid was also present 

5 A liquid saturated fatty acid was isolated, of the probable empincal 
composition CjoHioOj 
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the chemistry of phytomonas tumefaciens- 
in phytomonio acid, a nra branched chain fatty ACm 
Bt SIDNEY E VELICK 

^From the Deparlmenl oj Chcnuetry, Yale Vmvers^ty. He. Haeen) 

(Received for publication, November 22, 1943) 

(1) and the phosphatide 2) eontain fatty acids tvhich 

faciem, gvo^vn on a ^ from the members of the normal 

differ markedly m physical ProP® _u„ntitv of material, it was previ- 
ahphatic series Oinng to the lirmted ,,,ds It n as 

ously »ol possible to effect a colled liTOid sotimted 

amounts of matenal the g.^^tion was effected by fractiona- 

phatide m apparently pure distdlation of the methyl esters 

tion of the lead salts, followed by _ to have the 

The methyl ester, a colorless y.eld to the crystalline 

composition CoiHi.0, It ivas The fiee acid obtained by 

hydrazide (C^H^ON^) I'bmh 3 „hd crystalline mass Crystal- 

sapomffcation of the methyl ester fom ^ transparent 

hue fragments separated fiomt complete extmction when rotated 

plates which melted at 24 and s d P ^ ^^rid carbon and 

between crossed mcol prisms The ne ^ The ester 

hydrogen values corresponded closely solution m ether 

Sold no detectable optical — s are more than 50 

The meltmg pomts of the compounds and 30-50 

lower than those of the homologous normal compounds 

lowerthanthoseof mixtures of CO ^p^ absorbs no bromme and its lea 

of comparable moleculai weight elementary anal> sis rendeis a cychc 

salt IS easily soluble m ether Smc ^ branched chain 

structure unlikely, it would appear t ^ ^ homologue of tu- 

structure Its propeities sugges . g pie baciUus (3) and for iihich the 
beiculostearic acid, isolated f>^7gt\een (4) 

structure lO-methylstearic ^ ^^^^^^^^^CRUccrResecrcbE^^^^^ 
• This work was aided by a grant from The m 

tion 
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The separation of the branched chain acid fraction from the normal un- 
saturated acids required a catalytic hj drogenation of the latter The molar 
ratio of double bonds in the original mixture to the normal saturated acids 
isolated after reduction was approximately umty It is therefore con- 
cluded that the branched cham acids occurred m the bactenal cell in sat- 
urated form and were not reduced durmg the hydrogenation 

The crude branched ehain acid fraction subjected to distillation weighed 
2 3 gm , which was equivalent to 14 per cent of the total fatty acids Of 
this material 0 889 gm or 5 4 per cent of the total fatty acids was isolated 
as piue phytomomc acid by fractional distillation An estimated addi 
tional 200 mg were also distributed m mtermediate fractions The fore 
run which consisted of fourteen small fractions contamed three or more 
components, mcludmg a small amount of steanc acid There was also 
a small amount of higher boihng material which was not present m sufficient 
amounts for redistillation but appeared to contam branched components 

EXPERIMENT 1.L 

The bacteria employed m this work were a controlled stram of Phylo 
71101105 timefaciens cultivated on a simple synthetic medium m which 
sucrose was the chief source of carbon by Dr A J Hiker and coworkere 
m the Department of Plant Patholog}' at the Umversity of Wisconsin 
The extraction of the hpids from this material was described m the preced- 
mg report (1) After repeated precipitation from ether solution by the 
addition of acetone the phosphatides were obtamed as a straw colored 
granular powder which readily formed a colloidal solution m water In 
confirmation of earher work (2) the water-soluble components of the 
hydrolysate were found to be ethanolamme, chohne, and glycerophosphono 
acid It w as found m addition that upon treatment of an ahquot of the 
water-soluble portion of the hydrolysate with mnhydrm an amount o 
carbon dioxide equivalent to 15 5 per cent of the ammo mtrogen wm 
hberated, mdicatmg the presence of an ammo acid which could not e 
identified The Mohsch reaction for carbohydrate was negative or 
analj’sis the material was dried tn vacuo at 78“ over phosphorus pentoxi e 

Analysis — IS 71 and 22 22 mg phosphatide, 62 92 and 74 34 rag ammonium ptos 
phomolybdate, found, P4 85, 4 S3 vrooi 

21 39 mg phosphatide (Kjeldahl), 3 44 oc 0 0099S v HCI, found, i 

Fatly Acid Fractions — The phosphatide was hj'drolyzed 
wnth 5 per cent sulfuric acid under nitrogen for 14 hours , 
hydrolysate had cooled, the acids were extracted wath ether an t e e^^^ 
solution was washed wath water and evaporated to dryne^ n ^ 
so obtamed weie sapomfied by refluxmg with 10 per cent a co o c P 
Slum hydi oxide for 2 hours The soap solution was dilute wi 
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The pothes.»m salte rf, ether Lets 

‘“^hr:L.nu.„he.ettheh,e,d»^^^^^ 

(5),was70, andtheneutial equua ,,qth hvdroeen and platinum 

unsatuiated acids the mixtme was re u j and the solution 

oxide in alcohohc solution The catalyst ^ Kterea o 

was concentrated undei reduced P^J^^^/'JjXrhad formed The 
hydroxide for a shoit tune to sapo y . liquid fractions 

free acids neie then isolated and regeneration from 

and 89 per cent stearic acid j reduced acids 

The ethered eUraot obta.ed „„„ 

as mentioned above yielded 3 1 gna absorbed no bromine 

torptrature ..d 

After two additional lead sa method 

ties could be detected m 

IsoUthon of Phytomomc Acid boihng material under reduced 

the distillation of small amoim ^ packed with a glass 

pressure consisted of a 30 cm jacket electrically heated The 

spiral and surrounded nuth a dou^ ^ supplementary heater which 
still head contained a capillar conditions of total condensa- 

permitted a contmuous partia a e separation of samples as 

tion An all-glass rotatmg recei _(jer operating conditions nas esti- 

smaU as 20 mg The resohnng P°''^ures Ind found to be eight to mne 

mated bj the distillation of standmd m separation of muxtures of 

theoretical plates, nhich n as sufficient J gj^tails of construc- 

methyl lauiate, myristate. palmitate, tgeparately 

tion, opeiation, and performance P^^^ obtained from the ether- 

A sample of the liquid saturated J .uj^oe and transferred to the 
soluble lead salts nas esterffied '^Jh d.az 30 hours and 

distilling flask The distillation of 2 3 gra ^ The progress 

covered a boihng range of 80“ 3m^^ recener n.th an ice 

of the fractionation was followed by of distillate The 

bath and observing the meltmg distillation rate slowed down 

column temperature w as i aised w hene j ^g^ults 

appreciably or stopped over tbe peno conserving material in the 

of the fractionation Because of the nece^^n^ 
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veiy small fi actions the mdex of refraction \i as omitted m most of the cases 
m which the meltmg pomt showed a progressive change It should be 
noted that the jacket temperature does not represent the true hoihng pomt 
Itican be seen from the trend of the melting pomts and the rise m the 
mde\ of refraction that the material in the fore run (Fractions 1 to 15) 
was a complex mixture containmg at least two higher meltmg and one or 
two low meltmg esters The emergence of the major hquid component 
IV as apparent in Fractions 15 and 16 which sohdified m an ice salt bath 
and, on slowly wamung to room temperature, formed two component sj’s- 
tems which gradually cleared between 4° and 10° Fraction 17 developed 
only a turbidity at — 15° and the next three fractions, which constituted 
38 7 per cent of the matenal, remained a clear mobile hquid at —15° 


Table I 


Distillalton of Methyl Esters of Liquid Saturated Aads from Phosphatide of 
Phytomonas lumefaeiens 


Frac 
Uoa No 

Jacket 

tempera 

ture 

Weight 

M p 

Refrac 

me 

mdex 

Frac 

Uoa 

No 

Jacket 

tempera 

ture 

Weight 

M p 

Refrac 

me 

index 


c 


c 



c 


c 


1 




1 4415 

12 

145 


27-29 


2 

114 

0 047 

10-20 


13 

150 


26-29 


3 

114 

0 083 

26 


14 

153 

■IMlffll 

25-26 


4 

114 

0 096 

14-18 

1 4438 

15 

153 

0 104 

7-11 

1 4490 

5 

114 

0 065 

0 


16 

165 

0 096 

4- 9 


6 


0 034 

18-23 


17 

165 

0 039 

0 


7 

137 

0 045 

21-24 


18 

167 

0 313 

<0 

1 4500 

S 

138 

0 080 

27-28 


19 

167 

0 245 

<0 

I 4500 

9 

139 

0 029 

29-30 


20 

167 

0 331 

<0 

1 4500 

10 

140 

0 023 

33 


21 

174 

0 125 

8 

1 4526 

11 

145 

0 060 

30-32 


22 

200 

0 123 

12 

1 4562 


The combmed constant boihng fractions (Nos 18, 19, and 20) were sub 
jected to a very slow redistiUation and twelve cuts were taken The first 
and last fractions, which weighed only a few mg each, deviated shghtly m 
mdex of refraction and were discarded No further mhomogeneities cou 
be detected by redistillation Smee the resolvmg power of the still 
about mne theoretical plates, the presence of an appreciable amount o 
homologous impurity could readily have been detected The possib y 
that the mam fraction contamed branched isomers differing by only ^ 
degrees m boihng pomt cannot be excluded by this distillation ® 
analysis of the methyl ester was as follows 


Analysis— D]' 0 S878, n-^ 1 4500, [a)S 0 00 (8 1 per cent solution m 
mg methyl ester 19 05 mg CO and 7 82 mg HjO 

C«H«0 Calculated, C 77 30, H 12 89, found, C 77 44, H 


ether) 
12 94 


6 708 
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The Free Acid — poihon of the ester was saponihcd by refluxing for 3 
hours wth an excess of alcoholic potassium hydroxide Most of the alcohol 
\\as evapoiated undei reduced pressure, and the residue was dissolved in 
water and extracted with ether to remove any traces of unsaponified 
matenal The aqueous soap solution was then acidified and the fatU 
acids were extracted with ether The ethereal extract was washed with 
water until the washmgs were neutral to litmus, after which the ether was 
eiapoiated The fiee acid cr 3 'stalhzed on standing for some time at 20°, 
and melted at 24° The melted acid recrystallized slowly on cooling 

Analysts — 5 549 mg acid 15 63 mg COj and 6 391 mg HjO 

C oH«0 Calculated, C 76 92, II 12 82, found, G 76 SO, H 12 80 

Titration — 37 47 mg acid required 7 31 cc 0 01654 N KOH, neutral equivalent 311, 
calculated for C oHmO 312 

The Hydrazide — 90 mg of the methyl ester were dissolved m 1 cc of 
ethanol, 0 4 cc of 85 per cent hydrazine was added, and the solution was 
refluxed for 3 hours The reaction mixture was diluted with water and 
extracted with several small portions of ether, and the extract was washed 
first wnth dilute hydiochlouc acid and then with dilute potassium carbonate 
and w ith w ater Aftei the ethereal solution had been dried ovei sodium 
sulfate, the ether w as evaporated Crystals were obtamed by subliming the 
w hite w axy sohd m a small molecular still at a pressure of 0 0004 mm The 
white micro platelets showed strong extinction when rotated between ciossed 
tucol prisms The melting point was 56 6° and the yield was 93 per cent 
When a solution of the hydrazide in dilute methyl alcohol was allowed to 
evaporate slow ly, large exceedmgly thin crystals having a pearly luster w ere 
deposited, which also melted at 56 6° 

Analysis — 12 56 mg hydrazide required 3 87 cc 0 0200 N HCl 

CsoHi ON Calculated, N 8 59, found, N S 62 

It was necessary in canymg out the Kjeldahl digestion to carry out a pre- 
limmary digestion w ith hydriodic acid (6) 

Altnor Frachons — Because of the small amount of matenal in the lowei 
fractions of the fore run a pure acid could not be obtained from them 
Fractions 6 to 14 contained increasing, then decreasing, amounts of a sohd 
acid which appeared to be steanc acid The acid obtamed from Fraction 
10 bj’' saponification and recr} stalhzation from methyl alcohol and acetone 
melted at 65° and had a neutral equivalent of 288 (steanc acid m p 69°, 
neutral equivalent 284) This acid was apparently earned along m the 
ether-soluble lead salt fraction by mixed salt formation between the bi- 
valent lead and the branched acids Fractions 21 and 22 contained higher 
boding matenal which from the low meltmg point appeared to contain 
branched components They were combined and saponified The free 
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acid SO obtained was a waxy solid melting at 28-30° It had a neutral 
equivalent of 330 


SUMMARY 

1 The major branched acid m the phosphatide of Phytonioms turn- 
faciens has been obtamed m apparently pure form and shown to have the 
composition CzoHioOj The name “phytomomc acid” has been proposed 

2 The physical properties of phytomomc acid indicate a branched chain 
structure 


DIBLIOGRAPHY 

1 Velick, S P , and Anderson, R J , / Btol Chem , 162, 523 (1944) 

2 Geiger, W B , Jr , and Anderson, R J ,J Btol cAem , 129, 519 (1939) 

3 Anderson, R J , and ChargafE, E , J Btol Chem , 86, 77 (1929-30) 

4 Spielman, M A , / Btol Chem , lOG, 87 (1934) 

5 Yasuda, M , J Btol Chem , 94, 401 (1931-32) 

6 Friedrich, A , Z physiol Chem , 216, 68 (1933) 



DETERMINATION OF SERUM CALCIUM BY PRECIPITATION 
WITH OXALATE 

A COMPARATIVE STUDY OF FACTORS AFFECTING THE RESULTS OF 
SEVERAL PROCEDURES 

Bt JULIUS SENDROY, Jb 

{From the Department of Experimental Mcduiine, Loyola Umvermly School of Medicine, 
and Mercy ffosptlalj Chicago) 

(Received for publication, September 17, 1943) 

Most of the methods for analysis of serum calcium have been based on 
the prmciple of precipitation and isolation of calcium as the insolu 
ovalate In the successive analytical steps invo ved, (a) the Prep^at o 
of the serum sample for (6) its precipitation as calcium ovalate, W ^he so 
lation of the pure precipitate, and (d) its quantitative 
variable factors may affect the results and must be empirically controUed 
The final step (I), the measurement of the calcium, usually and most 
cogent JoLL. can be made the least vanable and most accurate 

of the 

With potassium permanganate or cenc suUam, or oy rue j, 
of Van Slyke and Sendroy (43, 45, 36), ivith an error of 05 

The washing of the calcium ovalate precipitate in the procedure 

(c) usually by centrifugation, is a strictly empirical and arbitrary procedure 
(6 ’4 45 49 ^35) which can nevertheless be carried out to yield constant, 
i^oducible reSlts Error m this step alone can be limited to a mav.mum 

°“o"n«theimtialsteps(n)and(5)there^^^ 
serum calcium may be piecipitated by tbe addition o 
1) to serum directly (nuthout further treatment 

nater), as proposed by Pribram ( 32 ) m 1871 , 1 

(Procedure 2) to the dissolved 

cipitation equal in accuracy, the me ,, How ever 

largely by convenience or the amount of sample f 

when^com'parauve analyses of the same serum 

the thiee ways mentioned, the method of washing and 

late being the same throughout, large differences m ^ 

in the same laboratory and bj the same analyst Despite man> studies 
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devoted to a consideration of such discrepancies, there is no agreement as 
to the optimum conditions for the quantitative precipitation of serum cal- 
cium as oxalate, nor has a satisfactory explanation been found to reconcile 
the differences m results obtamed by vanous methods, and by different 
investigators 

Indicative of the situation are the foUowmg references to comparative 
mvestigations m which the preparation of the sample and the conditions 
affectmg the precipitation of serum calcium were studied as vanable fac 
tors Results by ashmg and by direct precipitation have been found to be 
the same (32, 46, 47, 6, 10, 2, 29, 39), higher for direct precipitation (3, 
50, 48), and also lower (30, 11, 41, 2) In comparison with results obtamed 
by ashmg, the deproteuuzation methods have been reported to give values 
the same (18, 26), higher (9, 6, 38, 20, 10, 40, 29), and also lower (6, 19, 2) 
Higher values for calcium of trichloroacetic acid filtrate compared mth 
directly precipitated serum calcium have been found (45, 40, 29, 12) and 
likeiiTse, lower ones (6, 2) Pribram (32) and Bluhdom and GencL (1) 
could find no calcium in the ash of serum from which calcium had been 
directly precipitated, nor could de Waard (47) find any m the filtered serum 
after direct precipitation Van Slyke and Sendroy (45), however, found 
calcium m the tnchloroacetic acid filtrate of decalcified serum 

Smce the papers cited embrace a ivide variety of techniques for each of 
the four steps m analysis mentioned above, no inferences even as to the 
general trend of the values for any group of similar procedures may be 
drawn Obviously, conclusive evidence concemmg the validity of these 
conflictmg groups of results, and an explanation of the origm of the dis 
crepancies mvolved, are desirable (25) 

The accuracy and precision of the gasometric method for calcium (43, 
45) were well suited for the purposes of the present mvestigation The 
mamtenance of a umformity of sample size, of washing techmque, and of 
calcium oxalate measurement ehmmated these factors as variables m a 
study concerned mainly with the factors govemmg the precipitation o 
serum calcium m different media and under vanous conditions Contro 
analyses of known salt solutions, parallehng those of serum at every step, 
and for each of the factors studied, served as standards of absolute ac- 
curacy The results mdicate that it is possible to obtam complete agre^ 
ment m analyses of the same serum sample, whether calcium is precipita 
directly from the serum, from the ash, or from the deprotemized 
■provided that appropriate corrections are made in each case Many o s 
discrepancies reported m the hterature are merely artifacts, arising 
accumulation of errors, no one of which is ordmarily detectable m 
analyses by the usual procedures heretofore followed 
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Procedure 

The techniques used, mth some modifications of our own, were simdar 
to ones described m the hterature For the sake of clanty, and because 
some of the discrepancies cited may owe their ongm to certam Jtails of 
procedure, an exact description of the analytical methods employed is give 

m the followmg 

(«) P,^,„l,cn cl Scrmi ScMftc and (I.) «/ Caia». 

With tew enceplions, .11 analy.® were pertormed “ 

«»ip,ee used bemg 1 ee “f f SS m! f«rvSS.e ot 

tTcT-ot — r— 1 

tube were thoroughly mixed Ash of Serum — To 1 

Procedure . Calaum 

cc of serum m a 15 cc platinum , placed m an oven at 

ture was evaporated to f tranierred to a muffle furnace 

110“ for 15 to 20 mmutes ^^le dish graduaUy heated to 

imtially at the same temperature ashed for 2 hours - After 

500°, at which temperature ^ jjqI ^nd the solution evapo- 

coolmg, the ash ^as agam cooled and the ash dissolved m 

rated on a steam bath The disti ° ^ 1 transferred to a centn- 

2cc oflNHCl The solution was quantitatively 

‘These “water" blanks served (a) ael^ry correcUons for 

momum oxalate completely m waabmg, and (6) to prow 

the gasometno measurement of the day’s w ork, the imtial heaUng 

> If the furnace is kept at^ t^cml care to preLnt mechamcal spattering 

of the dned serum must be done wi P wjth the furnace door open, the dish is 

of the ash as water of combustion « j''’®*''® ^ furnace until the fumes, which 

held by tongs and alternately moved “ visible The dish is then 

should be evolved from the material gently, are no g 

heated at 500° , .,nt On the rare occasions when visible 

* A white ash is usually obtained at t^^ * repeated for i to 1 hour 

parncles of carbon remain, the ashing at 500 shoulU P 
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fuge tube, followed by three portions of 1 cc of water used to w ash the walls 
of the platinum dish 

To the 0 cc of solution in the centrifuge tube, 1 cc of freshly prepared 20 
pel cent sodium acetate, 2 drops of 0 1 per cent brom-cresol green indicator, 
and 1 cc of saturated ammomum oxalate were added (45) After the 
muxture was stiired with a thm, footed glass rod, a few drops (usuall} 6) 
of 1 1 ammonia were added to obtam a color matching that of a similar 
X olume of 0 067 m KHoPOr solution, of pH about 4 5, contammg the same 
amount of indicator The stirrmg rod was w ashed off mto the tube with 
a few drops of water 

Procedure S Calcium Preapiiaiion vi Protein-Free Filtrate of Serum— 
To 1 measured volume of serum m a volumetnc flask of 5-fold volume, Here 
added 3 volumes of water, then, drop by drop, with gentle whulmg, 1 
1 olume of freshly prepared 20 per cent trichloroacetic acid solution (to) 
After the addition of a drop of capryhc alcohol, and water to the mark, the 
material was muxed and allowed to stand ^ hour The mexture iias then 
centnfuged for 10 minutes at 2200 r p M The supernatant fluid was ill 
tered through a sintered glass filter funnel, Jena I^o 3G4, No 3G3, or 
PiTCx No 30F Samples of 5 cc of filtrate were trunsferred to centnivge 
tubes and the calcium precipitated exactly as described abme for 5 cc 
lolumes of chssolved ash Usually, less (about 2 drops) 1 1 ammoma 
w as needed to obtain a final pH of 4 5 

(c) Purification and Isolation of Precipitated Calcium Oxalate 

The procedure followed was a modification of that previously described 
((45) p 221) After standmg for at least 16 hours,* samples and blaiils 
alike w ere centrifuged for 5 mmutes at 2600 k p m By means of an up 
turned capiUary, the tip of w hich was held below the surface of the liquid, 
all but 0 2 to 0 3 cc of the supernatant fluid w'as slowly siphoned off The 
precipitate was washed wuth 2 per cent ammonia water^ as follows Ico 
was slowly admitted fiom a pipette to wash the entire inner surface of the 
tube, which was then slanted while an additional 2 cc were allowed to flow 
in quickly The supernatant wash fluid was then carefully stirred with a 
thin, footed glass rod, the end of which was permitted to come no nearer 
than w ithin 0 5 cc of the bottom of the tube ® Prior to withdraw al rom 

* Bull’s (3) results probably explain the variation in the time required for 

precipitation by different w orkers He found that while calcium could be comp e c ^ 
precipitated in some sera in a half hour others required at least 16 hours, depon in 
the X iscosity and protein content of the sample ^ 

* The ammonia wash w ater should be freshly prepared for each day s use, 

concentrated material (21) oxalate 

'This washing procedure avoids disturbance of the precipitated ca 
by a xiolent inrush of wash water, which nevertheless is well mixed wit e 
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the tube, the rod was washed off with a few drops of ammonia water After 
5 minutes ceiitiifugation at 2600 R p m , the ■'vashing, centrifugation, and 
withdrawal of fluid were repeated twice as above, except that the superna- 
tant wash fluid was not agam stirred with the glass rod 

(d) Quaniitaiwe Measurement of Prenpiiated Calcium Oxalate 

The gasometric procedure of Van Slyke and Sendroy ((45) pp 221-224) 
was followed, modified as described elsewhere (36) The c correction was 
obtamed from the analysis of the blank, prepared, washed, and analyzed as 
above ^ 


EXPERIMENTAL 

Analyses of Salt Solutions of Known Calcium Content 

Salt solutions of known calcium content were analyzed under conditions 
of controlled accuracy, by the same techniques as are outlined above for serum 
samples The dilute solutions used, approxunatmg the morgamc pattern 
of serum, iiere prepared from stock solutions at frequent mtervals, ex- 
actly as previously described ((35) p 253), and contamed, m milheqmva- 
lents per hter, CaClj 5 0, MgCU 3 0, NaCl 154, KHjPOi 1 2 Occasionally 
magnesium or phosphate, or both, were omitted In this work, sixteen 
stock salt solutions were used over a period of 8 months 

The results are summarized m Table I All values obtamed are m- 
cluded m the calculations The statistical treatment follows methods 
descnbed by Mainland (24) , the t and x tables of Fisher (8) are used as 
cntena of significant differences 

Senes 1 Analyses by Direct Precipitation — ^The mean of 5 01 milh- 
eqmvalents of calcium per hter mdicates the accuracy and rehability of this 
techmque The difference of the mean by -fO 01 miUieqmvaient from the 
known value is not statistically significant '' 

Senes 2 Analyses by Precipitation from Dissolved Ash of Sample — 
(a) These were earned out as descnbed for serum The difference of the 
mean by -(-0 11 milhequivalent from the known value is highly significant 
(Table I) 

(b) In another group of analyses, actual ashmg was not performed, but 


cc of supernatant fluid left above the crystals Mixing testa with colored solutions 
and periodic analyses of known calcium solutions (Table I) have established the cor- 
rectness of this empirical procedure 

’ As in all analyses of salt solutions reported in Table I, the calcium in these sam 
plea, also, was precipitated at pH 4 5 This adjustment, not made when serum cal 
cium was directly precipitated, followed the addition of oxalate, and usually required 
the addition of 1 drop of 1 N HCl 
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the calcium m 1 cc samples was precipitated m the presence of all of the 
reagents used m the ashmg procedure A mean of 5 13 milhequivalents of 
calcium per hter was obtamed 

The difference of 0 02 mdheqmvalent between the means of groups (o) 
and (6) might be attributed to the ehmmation m the ashmg group (a) 
of some organic contammant reactmg with Ce(S 04)2 to produce CO: 
However, the difference here is statistically not sigmficant It is clear that 


Table I 

Results of Analyses of (Serum Salt) Solutions Containing 5 00 Milhequivalents of 

Calcium ■per Liter 
The rcaults are given m nullicqiuvulenta per hter 


\o of analyses 

Senes 1, 
direct 
pptn 

46 

Senes 2a, 
ashing 

9 

Senes 2b 
reagents 
for 

ashmg 

20 

Senes 3a 
CCUCOOH 
filtrate ' 

33 

Sena 

CCliCOOII 

fiJtnte 

ashed 

11 

Mean (= iff) 

1 

1 

5 01 

5 11 

5 13 

5 18 

5 16 

“ error (= AAf) 

1 

+0 01 

+0 11 

+0 13 

+0 18 

+0 16 

" deviation 


±0 040 

±0 032 

±0 049 

±0 057 

±0 016 

Standard deviation 


±0 047 

±0 042 

±0 059 

±0 069 

iU 065 

“ error of mean (= eu) 

±0 0069 

±0 0140 

±0 0132 

±0 0120 

±0 0196 

1 =» AM/eu, referred to known 

1 45 

7 9 

9 9 

15 0 

8 2 

Standard error of difference (= to) 






between means, referred to Sc 






ries 1 



dbO 0154 

±0 0144 

±0 0138 

±0 0208 

X =■ AM /to, referred to Senes 1 


6 5 

8 3 

12 3 

7 2 

Standard error of difference ^ 

Significance ratio of lorjr 





(« c^} between pairs of 

All 


Pairs of means comparea 


means 

•a 







±0 0219 

i => 0 91 

Senes 2o and 25 


±0 0230 

X => 0 87 

If 

3o “ 35 


±0 0178 

“ = 2 81 

II 

25 “ 3a 


±0 0249 

£ => 2 01 

If 

2o “ 35 


=t0 0219 

1 

I => 2 28 

If 

2a + 26 and 3o + 


the average error of +0 12 milhequivalent (for (o) and (6)) obtame y 
the ashmg techmque is caused by the use of those additional reagen no 
required m the direct precipitation method . 

Senes 3 Analyses by Preapttation tn Presence of Reagents ® 
Prolein-Free Fillraies— (o) These were earned out as desenbed for nc 
acetic acid filtrates of serum Smee no protem was presen in 
samples, the centrifugation and filtration through smtere g 
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omitted after it had been shown that these steps •per se had no effect on the 
results The difference of -f-O 18 milheqiuvalent from the known value is 
highly significant (Table I) 

(6) In another group, 5 co samples of trichloroacetic acid “filtrate” 
Mere first dried with 2 cc of 1 if HCl and ashed exactly as described for 
serum and Series 2a of salt solutions above A mean of 5 16 milhequiva- 
lents per hter was obtamed Statistically, as for Senes 2a and 25, the differ- 
ence of 0 02 milhequivalent between the means for Series 3a and 3h is not 
significant However, both means (5 18 and 5 16 rndhequivalents), ob- 
tamed by the “deproteuuzation” technique, are decidedly significant m 
difference from the known value (5 00), or the mean for Senes 1 Further- 
more, comparison of the means of appropnate unashed (Senes 2b and 3o) 
01 ashed (Senes 2a and 3b) pairs, and of the combined groups (Senes 
2a + 2b) and (Series 3a 4- 3b), mdicates that the mcrease m average error 
of 0 05 milhequivalent per hter, of Series 3 with tnchloroacetic acid, over 
that of Series 2 mthout it, is fairly significant Smce the reagents used m 
both series were othenvise the same, this increase is attributable to the 
effect of trichloroacetic acid 

Individual Factors Responsible for Errors in Calcium Analyses of Salt 
Solutions and Serum 

The foregomg results have been quantitatively confirmed, by direct, 
independent experiments designed to determine the vanous mdividual 
factors mvolved m serum calcium analyses as they have been earned out 
in the past by ourselves and others 

Effect of Low Calcium Concentration in Sample Analyzed — From the 
results with serum-salt solutions (Table I, Senes 2 and 3), it might reason- 
ably be expected that the calcium-raismg effect of the reagents could be 
ehmmated by the use either of reagents previously tested as calcium-free, 
or of suitable “reagent” blanks instead of the “water" blanks used m these 
analyses However, no calcium has ever been detected m our mdividual 
reagents by qualitative tests, either m this or m previous ii ork (45), nor 
have “reagent” blanks ever been found quantitatively different from “Ma- 
ter” blanks 

An explanation for the failure to detect small amounts of calcium, as an 
impurity or othennse, is afforded by a series of experiments, compnsmg 
1 cc analyses of twenty serum-salt solutions diluted to contam calcium 
from 01 to 2 5 miUiequivalents per hter (2 to 50 per cent of normal serum 
concentration), performed under the conditions outlmed above for direct 
precipitation (Senes 1) Measurements of calcium nere made gasomet- 
ncally (45) and photoelectncallj (35) The results deviated from stoichio- 
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metncal yields for samples containing less than 1 80 milhequiialents per 
liter, below ivhich concentration thev i\eie accuratelj expressed by the 
straight Ime equation, 

m eq Ca per liter sample present = 0 S6x + 0 25 

where x = milliequivalents of Ca per htei of sample found by analysis 
Thus, under the conditions of analysis, up to amounts comsponding to a 
concentration of 0 35 milliequivalent pm liter of the original sample, no cd 
cium at all is detectable, and therefore none would be found in analyses of 
“reagent” blanks * Calcium as an unpurity m the reagents to the extent 
of 10 pel cent of normal serum calcium (0 50 milliequivalent per hter) 
would appear as an error of only 5 8 per cent in the “reagent” blank Ofa 
viously, to measure the erroi from reagents, analyses should be made of 
samples at a concentration above 1 80 milliequivalents per hter, by the 
addition of knowm amounts of calcium, with “water” blanks for control’ 

Effect of Filtration through Filter Paper — Early m this work, m compara 
tive analyses of serum, values for trichloioacetic acid filtrates passed through 
“ashless” filter papers Mere always highei (from 1 to 24 per cent) than the 
results by ashmg or direct precipitation (Table II, Samples 1 to 20) These 
observations, which confirmed previous ivork (45), led to an extensive 
inquiry mto the effect of filtration through filter papers, and the elimmation 
of their use m micioanalysis of calcium 

50 cc volumes of mixtures of known seium-salt solutions and tnchloro 
acetic acid (as in Series 3, Table I) Mere passed once through a 9 cm filter 
paper, then analyzed directly as “filtrate” (o) The filter papers tested 
M'ere MunkteU’s No 00 “ashless,” and Whatman’s No 2 and No 5 Sev 
eral of the “filtrates” weie also analyzed after ashmg (6) In such cases 
the results of groups (o) and (6) were m agreement, mdicatmg the absence 
of any extraneous organic reduction of Ce(S 04 ): m passage through the 
filter 

Analyses of such “filtrates,” m a test of twenty-four individual No 

* Under the conditions of analysis, the actual concentrations in the 
tions from which calcium is precipitated will, of course, be one seventh t a o 
original sample , 

’ The above empirical results arc quantitatively not strictly m accor wi 
retical considerations based on the assumption of CaC-Oi equilibrium e aeen 
and liquid phases Honever, the deviations arc in no way related to ma eq 
measurement Although the calcium in 1 cc of 0 1 nulheqmvalent o so u 
yield only 3 mm in the gasometric measurement (45), the photoelectric ine 
13 wholly adequate for the deternunation of corresponding amounts, ’ ^ T 
cium precipitated as oxalate from smaller volumes of more 'I prsatura 

It 13 highly probable, since no solid CaC Oi was initially presen , a j^gpon 
tion, wuth complete or partial failure to precipitate the calcium preseii ^ 

Bible for the progressively greater deficiency in stoichiometnca Jie s 

dilute samples 
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papers selected at random, after correction for the reagent error, ga\ e an 
average of 0 0016 (±0 0010) milhequiv alent of “extra calcium” extracted 
per paper This corresponds to an error of +3 2 per cent m the filtrate 
analj'sis of the equiv alent of 1 cc of normal serum Howe\ er, two of the 
papers gai e errors of as much as 17 per cent For two No 2 papers and 
four No 5 papers, the average extractions were 0 0105 and 0 0228 rmlli - 
equu alent of calcium per paper, respectn elj 
In other experiments, the filtei papers themselves were ashed and an- 
alyzed The juelds were 0 0012 (±0 00025), 0 0112, and 0 0256 milh- 
equix alent of calcium per paper for eight No 00, two No 2, and two No 
5 papers, respectuelj The ash weight given bv the manufacturers, if 
calculated whollv as CaO, would correspond to +0 0011, +0 0419, and 
+0 0479 milheqmv alent of calcium per paper, respectively 
Thus, there can be no doubt that \arvmg, significant amounts of cal- 
cium may be extracted from filter paper by acidified serum filtrates The 
failure of prenous workers to notice this error is understandable -4 
pnon, it w ould not seem necessarj to pass a protem-free “blank” solution 
through an “ashless” filter paper, especially if the reagents had been tested 
“calcium-free” in the usual quahtative manner Moreover, results of 
this and a precedmg section show that ev en if such control w ere attempted 
the error (av eragmg +3 2 per cent) from most “ashless” papers would be 
undetectable or maccurately determmed m the usual “blank” analysis, 
m which errors up to 5 per cent would be completelv masked FmaUy, 
smee the vanabihtj of the mdivadual paper correction, however accurately 
determmed, makes its apphcation impossible, it is clear that filter paper 
should not be used in micro calcium analysis 
Effects of Individual Reagents — ^To venfv the reagent errors mdicated 
by the foregomg results on ashing (Senes 2) and protem-free filtrate 
(Senes 3), direct analjses were performed of each of the reagents used, 
with samples large enough to afford rehable v alues for calcium 

Samples of 2 cc of the 1 1 ammonia solution used (6 and 2 drops m 
Procedures 2 and 3, respectiv elv ) were concentrated and dned on a steam 
bath, m platmum dishes Anal 3 ses of the washmgs, with known calcium 
added as for Senes 1 m Table I, showed no extra calcium Samples of 2 
cc of the concentrated HCl from which was made the 1 v HCl used (6 
cc m Procedure 2), were hkewTse analj'zed and showed a small calcium 
content, of doubtful sigmficance, equivalent to +0 01 milh equiv alent per 
liter for 6 cc of 1 x HCl Tests have shown that neither brom-cresol 
green nor capryhc alcohol affects the results 

Smee a maMmnm error of onlj +0 01 milheqmvalent per hter could be 
attnbuted to the other reagents of Senes 2, it would seem, from Table I, 
that an error of +0 11 milhequiv alent per hter m calcium values would 
arise from the use of 1 cc of 20 per cent sodium acetate To accoimt more 
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directly for error frora this source alone, 2 gm portions of the fused crys 
tals (NaCjEfsOj SHjO) were dissolved in 2 cc of concentrated HCl and 
water, and the solution evaporated to dryness Analyses were earned 
out ^vlth known calcium added, as for Senes 1 in Table I Immediately 
upon the addition of oxalate, a copious white precipitate iias obtamed 
Reactmg wnth Ce(S 04 ) 2 , this gave varying yields of CO 2 , corresponding to 
as much as 100 per cent more oxalate than that expected from the calcium 
added 

Obviously, this could not be all calcium oxalate That it represented a 
coprecipitation effect ivith a reduction m solubility of ammonium or so- 
dium oxalate was mdicated when equivalent amounts of NaCl (0 85 gm ) 
were similarly treated, no calcium being added 48 houis after the addition 
of oxalate, a heavy white precipitate was formed, which was then washed 
several tunes with absolute alcohol The material was soluble m water 
and gave an immediate white precipitate upon the addition of CaCli 
This precipitate was msoluble m water, easily soluble m 1 n HjSO^, and 
was identified microscopically as calcium oxalate 

Thus, at high concentrations of a sodium salt, not necessaniy acetate, 
and in the absence of calcium, large amounts of non-calcium oxalate may 
be precipitated At lower concentrations, under the conditions presenbed 
for stabilizmg pH m analyses of ash and of protein-free filtrates, a 
similar phenomenon may possibly occur, the precipitated sodium or am 
monium oxalate escapmg solution m the subsequent washmg procedure 
This would be especially so were the contammatmg precipitates occluded 
to the precipitated CaC 204 In “reagent” blanks, in the absence of cd 
cium, 110 trace of extra oxalate has been found Sunilar types of contanuna 
tion by the coprecipitation of sodium oxalate with calcium have been 
noted (7, 31, 33) Excess cations and acetate have also been cited as 
complicating factors m c ilcium analysis (2, 15, 14) 

Although the extra oxalate was found only when calcium was precipi 
tated, little calcium could be found m the sodium acetate itself In n 
repetition of the above experiments with 2 gm samples of sodium acetate, 
With added calcium, the supernatant fluid above the heavy precipitat^^ 
withdrawn as usual, and the precipitate dissolved m 1 cc of 1 N H , 
then reprecipitated overmght Following this, withdrawal of super 
natant fluid, solution, and reprecipitation were agam repeated, ® 

diminished bulk of precipitate washed and analyzed as usual 
correction for HGl and reprecipitation,'® an mcrease of +0 23 milhequiva 

In an independent senes of analyses, when directly precipitated, 
calcium from known salt solutions was dissolved after wuthdraw al of 
mother liquor, and then reprecipitated, the results were low by 0 10 nu icq 
per hter 
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lent of calcium per litei was found, coriespondmg to a content of 0 02 
millieqmvalent of calcium per liter as an impuiity m the 0 2 gm of acetate 
used m procedures of Series 2 and 3 Apparently, in these analyses, an 
error of +0 09 milliequivalent per htei must be ascribed to the coprecipi- 
tation of non-calcium o\alate 

From Table I (Series 3a and 3b), an average error of +0 05 milliequn a- 
lent per liter m calcium values would arise fiom the use of 20 per cent 
tnchloroacclic acid (1 cc per 5 cc of protem-free filtrate sample) A 
direct study of this pomt was made m analyses of the two lots of trichloro- 
acetic acid used throughout this work Samples of 50 cc of 20 per cent 
solutions Mere boiled do\vn to 5 to 10 cc , diied and heated on steam and 
sand baths, and finally ashed m an oven at 500° The analyses were 
finished as m Series 2a mth known calcium added m some of the deter- 
mmations In agreement Math results m Table I, the excess calcium 
found corresponded to a content of 0 04 to 0 05 rmUiequivalent of Ca 
per hter, as an impurity m the 0 2 gm of trichloioacetic acid used in 
Series 3 

Thus, for our ashing technique, a total correction of —012 milhequivalent 
per hter, or 2 4 pei cent of normal serum values, is apphcable to all le- 
sults The correction covers errors arising from calcium m 1 n HCl (+0 01 
miUieqmvalent), calcium m sodium acetate (4-0 02 milhequivalent), and 
the coprecipitation effect of sodium acetate (-1-0 09 milhequivalent) 
For analyses by deproteinization by trichloroacetic acid, the error of -j-O 05 
milhequivalent for calcium present m the protem precipitant, added to 
the error from sodium acetate, makes the total correction —0 16 milh- 
eqmvalent per hter, or 3 2 per cent of normal serum values The individual 
corrections account for, and their sum total is m agreement ivith, the re- 
sults recorded m Table I 

Effect of pH at Which Calcium Is Precipitated As Oxalate — The neces- 
sity of adjusting solutions to a pH optimum for CaCjOi precipitation m 
the presence of other possibly mterfermg electrolytes (27, 28, 37) has often 
been emphasized Thus, it has generally been the practice, m ashing and 
deprotemization procedures, to precipitate calcium oxalate at approx- 
imately pH 5 0 However, the factor of pH m the direct precipitation of 
calcium from serum has been neglected One would expect such samples 
to be somewhat more alkahne than the upper himt of pH 5 6 (37) In 
fact, by glass electrode measurements of diluted sera (fresh and stale) after 
addition of oxalate, we have found pH values varymg betueen 7 1 and 7 5 
In view of this, and because McCrudden (28) and Shohl (37) carried out 
their studies under analjdical conditions quite different from ours, the 
effect of pH m our analyses was studied 

In a series of analyses of knoMm serum-salt solutions and sera, calcium 
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was precipitated directly, at various pH levels between 4 2 and 7 5 The 
pH values weie set by adjustment with dilute HCl or ammonia water, and 
measured inth the glass electrode (23) The calcium values varied onlj' 
ivithm the limits of anal 3 dical eiroi, without relationship to pH Thus, 
under the conditions of analj’^sis described, calcium may be quantitatively 
precipitated from seium and from fluids of approximately the same elec 
trolyte pattern as serum, without further adjustment, at pH ivithm the 
hmits of 4 0 to 7 5 


Analyses of Serum Samples 


Human serum was obtamed from clotted or defibrmated blood freshly 
drawn from ambulant dispensary patients “ Samples of 1 cc or its equiva 
lent were analyzed according to the teehmques described (“Procedure”) 
The corrections found (mean errors of Table I) for the analyses of knoivn 
salt solutions by Procedures 1, 2, and 3, namely —0 01, —0 12, and —0 17 
milhequivalent per hter, respectively, were applied to these results for 
serum If the mdivudual factors responsible for errors m serum analyses 
were the same as m salt solutions, corrected results for serum would show 
complete agreement among the three methods If otherwise, discrepan 
cies between such corrected results and the true values could then be as 
cnbed to the effect of serum constituents other than the morgamc salts 
Smce orgamc constituents are ehmmated m the ashmg technique, the 
results (corrected) by that method were accepted as the standard, true 
values for calcium m serum 

Analyses hy Direct Precipitation and by Ashing — ^For serum, analyses 
by duect precipitation w'ere higher than by ashmg (Table II, Series 1 
and 2a), indicative not of an mcreased precipitation of calcium m the 
former method, but rather of a furthei reduction of the Ce(S04)2 oxidant 
The average discrepancy of +0 04 milhequivalent per hter (+0 8 per cent 
of normal) for twenty-eight analyses is just barely significant, and is 
attributable to the precipitation of calcium m the presence of rediicmg 


substances present m serum 

That the contammatmg effect is not simply the result of an oxidation by 
Ce(S 04)2 of orgamc matter of serum retained after washmg is mdicated by 
the foUowmg Serum blanks, consisting of 1 cc of serum -p 5 cc of HjO + 
1 cc of 2 per cent NaCl were compared with blanks of 6 cc of H"0 + 
1 cc of 2 per cent NaCl Contrary to previous results wuth tw^o was 
mgs of serum mixtures twice as concentrated ((45) pp 227-228), under our 
conditions of washing no serum effect was found The i educing effect o 
serum occurs, therefore, only w'hen the CaC 204 is precipitated m the pres 


n We are indebted to Miss Hester E Reynolds and physicians of the Mercy Hos 
pital Loyola University Clinics for this material 
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Table II 


Results of Inalyscs of Calcium in Serum Values Corrected for Mean Eirors Found 
for Sail Solitltons {Table I) 


Sample No 

Analysts b> ashmgi 
Senes 2a 

Deviation from ashing (Series 2a) of analysis of 

Serum by direct 
pptn , Series 1 

CCljCOOH filtrate • 
Series 3a 

Ash of CCUCOOH 
filtrate Senes 35 


m eq per 1 

m eq Per t 

m eq pert 

m eq per 1 

1 

4 94 

+0 01 

+0 49 


2 

5 05 

-0 07 



3 

5 14 

-0 02 

+0 13 


4 

4 96 

+0 10 

+0 28 


5 

4 88 

+0 09 

+0 19 


6 

4 92 

-0 03 



7 

4 69 

+0 08 

+0 55 

+0 70 

8 

4 73 

+0 11 

+0 41 


9 

4 73 


+0 03 


10 

5 00 

-0 01 


+0 11 

11 

4 85 

+0 13 

+0 66 

+0 72 

12t 

4 95 

+0 08 

+0 14 

+0 22 

13 

5 04 

+0 07 

+0 16 

+0 11 

Ht 

5 04 

0 00 

+0 26 

+0 25 

15t 

4 88 

+0 05 

+0 18 

+0 21 

16 

4 95 

+0 05 

+1 12 

+1 24 

17t 

4 88 

+0 01 

+0 14 

+0 15 

18t 

4 85 

+0 06 

+0 29 

+0 25 

19t 

4 85 


+0 61 


20 

5 00 

+0 07 

+0 54 

+0 50 

Average 

+0 043 

+0 36 

+0 41 

21 

5 04 

-0 01 

■H 


221 

4 84 



+0 14 

23t 

4 93 


+0 16 

+0 12 

24 

5 16 

+0 07 

+0 01 

+0 05 

25 

4 89 

+0 07 

+0 17 

+0 17 

26 

4 99 

+0 08 

+0 14 

+0 14 

27t 

4 79 

-0 02 

+0 07 

+0 13 

28t 

4 95 

-0 04 

+0 09 

+0 08 

29t 

4 96 

+0 07 

+0 19 

+0 IS 

30t 

4 85 

-0 02 

+0 15 

+0 16 

31t 

4 91 

+0 04 

+0 04 

+0 08 

32 

4 69 

+0 02 

+0 15 

+0 12 

Average 

+0 026 

+0 12 

+0 12 


* The filtrates for the first group CSamples 1 to 20) were obtained by filtration 
through "ashless” filter paper, for the second group (Samples 21 to 32) by filtration 
of the centrifuged supernatant through a sintered glass filter 


t Fatty, more or less opaque serum 

1 Contained 1 per cent by volume of hemolyzed erythrocytes 
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ence of serum and is probably caused by occlusion or adsorption of protein 
on the precipitated ciystals 

Analyses by Dept oteimzahon and by Ashing — In the first group (Table 
II, Senes 2a and 3a, Samples 1 to 20), filtrates were obtained by separation 
from the coagulated protem through MunktelTs (9 cm ) No 00 “ashless” 
filtei paper In the second group (Samples 21 to 32), filtrates Mere ob- 
tamed by centnfugation, and filtration through smtered glass, as described 
under Procedure 3 In a test of thepossibihty of error m the precipitation of 
calcium ONalate in the presence of organic substances derived from senun 
and present in the tnchloroacetic acid filtrate of serum (20, 29), the results 
for both groups were checked bj anahses (Table II, Series 36) of ashed 
portions of the same protem-freo filtrates 

The corrected results show that filtrates through paper (first group) 
gaA e widelj a arying results, all higher (by 0 03 to 1 12 milhequu alents per 
liter) than the true values found by direct ashmg of the serum The m 
Clement (from 1 to 24 per cent) was not only widely different among all the 
samples, but large \ anations u ere sometimes found among portions of the 
same filtiate poured through different papers Furthermore, the average 
increment of +0 36 milhequivalent per liter uas not significantly different 
from that ot +0 41 found by ashmg the same filtrates These positive 
errors, therefore, occur during the steps of deprotemization and filtration, 
and are not of organic origin, but definitely represent calcium 

In the second group of Table II, the error of the filtrate analyses Mas 
reduced, both m range of variation, and m average, to +0 12 milheqmva 
lent per hter, statistically significant in difference from the true, directly 
ashed values Ashing of the same filtrates, not poured through filter 
paper, gave \ alues in complete agreement, also mdicatmg an average error 
of about 2 5 per cent meurred in deprotemization (and filtration) Agam, 
this mcrement actually represents calcium, and not an orgamc reduction 
of Ce(S 04 )" m measurement 

The difference m lesults for filtrate (Series 3a and 3b) for the tMO groups 
of Table II represents calcium acquired as an impurity m filtration through 
filtei paper The error of +0 12 milhequivalent per hter found uhen filter 
paper was not used must be regarded as common to both groups of meas- 
mements, and represents an increase in concentration of filtrate calcium 
meurred m the depioteimzation process itself In direction and m 
tude, this error coriesponds to the effect of volume displacement of fluid g 
protem precipitate, as found m other methods m which ahquot portions o 
protein-free filtrates are used for analysis (42, 34, 13) 

Analyses of Previously Decalcified Serum with Known Calcium A e 
These e\periments served (1) to check the reagent errors for serum ue o 
ashing and deprotemization, with elimination of the complicating fac o 
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of volume displacement from the latter, and (2) to prove conclusively that 
calcium can be completely removed from serum by direct precipitation 
In proportions previously used ((45) p 228) 2 volumes of serum, 3 of 
\\ater, and 1 of ammonium o\aIate were mixed, and the calcium piecipi- 
tated overnight in two tubes The dilute sera were then centrifuged and 
the supernatant fluids poured through sintered glass filters To the ash 
and to the trichloroacetic acid filtrate of portions of this decalcified ma- 
terial equivalent to 1 cc of serum, Mere added known amounts of calcium 
Analyses ivere performed according to Procedures 1 and 3 As an ad- 
ditional control, errors due to the deproteimzation reagents were also de- 
termmed The knoivn salt solutions were analyzed m each case, m the 
presence of the same reagents used m the analysis of the decalcified serum 
sample filtrate, e\actly as desenbed for Procedure 3o 

TiBLE III 


Analyses of Ash and Trichloroacetic Acid Filtrates of Previously Decalcified Serum 
with Known Calcium Subsequently Added (5 00 Milhequivalents per Liter) 

The results are e\pressed in milhequivalents per liter 


Oilcium added to 

Sample 

1 

Sample ' 
2 ^ 

Sample 

3 

Sample 

4 

Sample 

5 

i 

Sample 

6 

Sample 

7 

I Ash of decalcified serum 

5 14 

5 10 

5 12 

5 13 

5 13 

5 28 

5 16 

II Trichloroacetic acid fil 
trate of decalcified 

serum 

5 16 

5 11 

S 15 

5 08 

5 17 

5 28 

5 19 

III Deproteimzation re 

agent blank 

5 19 

5 13 

5 08 

5 13 

5 18 

5 32* 

5 15* 


* Ash of deproteimzation reagent blank, -1- Ca = 5 32 for Sample 6, 5 15 for 
Sample 7 


Table III constitutes a complete verification of the results presented in 
previous sections In Lme III, with the exception of Sample 6,“ the error 
for deproteimzation reagents is in statistical agreement with the average 
error of -f 0 16 miUiequivalent pei liter previously found (Table II) The 
agreement of results m Line II with thosem Lme III mdicates that the error 
for deproteimzation reagents remains the same, even m the presence of serum 
protem-free filtrate Likewose, the results of the ashed serum, Line I, are in 
statistical agreement with the eiroi for the ashmg reagents of -f-O 12 milli- 

We have no explanation for these results which indicate a consistently high error 
for the three different types of analyses of Sample 6 carried out the same day Failure 
of complete preliminary decalcification of the serum is not a factor, since the same 
error was found for deproteimzation reagents used with salt solution alone (Line 
III) Use of the same reagents for simultaneous serum analyses (Table II, Sample 
30) resulted in little more than the expected average error 




554 


DETERMINATION OP SERUM CALCIUM 


equivalent found for salt solutions (Table I, Series 2a) The results of Table 
III show clearly that the native calcium in the original whole serum was 
completely precipitated m the prelinunarj , direct decalcification 
Procedure 3 for tnchloroacetic acid filtrates was also carried out on 
decalcified serum to which no calcium was subsequently added, with fil- 
tration through MunkteU’s No 00 filter paper instead of sintered glass 
The "extra calcium recovered" from these filtrates (fiom 0 22 to 0 80 
miUieqmvalent per hter) was of the order of magnitude previously found 
(45), and now proved to represent a summation of filter papei and reagent 
errors, and not residual calcium unprecipitated from serum by the direct 
(decalcification) procedure 


DISCUSSION 

The foregomg results are indicative of the origm of most of such errors 
m analyses of serum calcium as occur in the precipitation of calcium o\a 
late under different conditions Failure of previous workers to reconcile 
results by such different methods may be explamed m most cases by the 
fact that some of these errors have hitherto been unrecogmzed, while 
others, although anticipated, have escaped detection or adequate control 
by the usual tests or blank analyses for contaminants Parallel and com 
parative analyses of known calcium solutions, however, furnish corrections 
siutable for each type of analysis and lead to complete agreement m results, 
whether the serum calcium is precipitated directly, from the ash, or from 
the deprotemized sample 

Some of these errors are common to all analyses of the same type, re- 
gardless of the sample used Filter papers have been found to contain 
calcium Consequently, their use leads to contammation of the sample 
Because the error vanes from one paper to another, filtrates or supernatant 
fluids m imcro calcium analysis should be centrifuged, or passed only 
through sintered glass In our experiments, the conditions of which 
correspond to those of prevailmg techmques, calcium has not been quan- 
titatively precipitated, if at all, when present m concentrations less than 
0 26 milhequivalent per liter (1 80 milhequivalents per liter of ongtna 
sample) This observation, therefoie, not only accounts for the failure 
to detect m blank analyses calcium present m small amounts as an im 
purity m reagents, but also casts doubt on the validity of most serum calcwm 
values m the literature lower than S mg per 100 cc of original sample 
IS clear that errors of contammation from leagents, whether 
as an impurity or oxalate as a coprecipitate, must be evaluated un ^ 
actual analytical conditions m the presence of calcium in known, norm 
serum concentration g 

Other errors occur only m serum analyses Proteins in serum giv 
to additional errors not reproducible m, or controllable by the an ys> 
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known salt solutions The i eduction of the oxidant by protein in the 
diiect piecipitation method and the effect of volume displacement in the 
deprotemization pioceduie cause positive errors of the order of magnitude 
of 0 8 uid 2 t per cent, lespcctivelj Correction for these errors ma\ be 
applied onh on the basis of manj compaiisons of results (all coriected foi 
reagents) with those obtained bj ashing For analysis of serum calcium, 
although the ashing proceduie is theoretically the best for standardization 
purposes, the method of choice involving the minimum of technical detail 
and correction foi error appeals to be the direct precipitation proceduie 
Analyses of deproteimzed seium are the least satisfactory m that a greater 
number of errors maj’’ occur 

That a variation m the foregoing errors, or the occurrence of others not 
found or considered m this w ork, maj arise from differences in the chemical 
composition of pathological sera remains a possibility, despite the fact 
that wnthm the range of pathology presented by clmical material from 
dispensary patients no such factor of error m any of the methods used has 
been observed in our expenments” 

SUJIAURY 

A comparative study has been made of the factors of analytical error 
involved in the precipitation of serum calcium as oxalate, under various 
conditions Analyses of known salt solutions and of seium, by direct 
precipitation, ashmg, and deprotemization techmques, mdicate the fol- 
lownng as sources of error contammation by calcium from filter paper and 
reagents and by non-calciura oxalate m coprecipitation, the reducmg ac- 
tion of serum m direct precipitation, and the fluid volume displacement of 
proteins m deprotemization Together wnth an explanation of their origm, 
methods of elimmating these eri ors or of evaluatmg them accuratelv have 
been presented The application of such corrections quantitativ ely recon- 
ciles the apparent discrepancies among the three methods In these 
analyses, calcium oxalate mav be precipitated at pH from 4 0 to 7 5 
For both accuracy and simphcitj , the technique of direct piecipitation is, 
m most cases, the method of choice foi the determmation of serum cal- 
cium as oxalate 
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NOTE ON THE GASOMETRIC DETERMINATION OF OXALIC 
ACID AND CALCIUM 

By JULIUS SENDROY, Jb 

(From the Department of Experimental Medicine, Loyola University School of Medicine, 
and Mercy Hospital, Chicago) 

(Received for publication, November 23, 1943) 

Several practical modifications and precautions m the use of the Van 
Slyke-Neill (4) apparatus for the gasometnc analysis of serum calcium 
(Van Slyke and Sendroy (6), pp 221-224) have been found advantageous 
m the performance of many analyses (2) The following departures from 
the origmal technique add to the convenience and accuracy of measure- 
ment of the isolated calcium oxalate 
After the addition of 2 cc of hot 1 N sulfuric acid to dissolve the washed 
calcium oxalate, the centrifuge tube is cooled and the outside rim smeared 
with hot, molten paraffin, which then solidifies m a thm film For avoid- 
ing loss of solution m decantation, this has been found more satisfactory 
than vasehne, especially for tubes xvithout lipped runs Transfer of the 
acid solution to the cup of the Van Slyke-NeiU (4) chamber, with repeated 
decantation and washmg, is then earned out ivith 5 cc of water, to brmg 
the volume of solution in the chamber to a total of 7 cc 
The hberation and measurement of C02 m the gas apparatus are carried 
out as previously described, except that 5 drops of saturated Ce(S0j)2 
m 1 N H2SO4 are used instead of 1 cc of acidified 0 15 n KMnO^ The 
advantages of using a cerium solution, xvhich may be made from Ce(S04)2, 
or preferably CeCHSOi)! anhydrous (G Frederick Smith) ((1) p 244), 
are several mdefimte stability, ehmmatmg the need of freshly prepared 
oxidant, a stoichiometrical yield of CO2 from H-C2O1, a lowermg of the c 
correction for the blank , and greater ease m cleanmg the extraction chamber 
after the addition of the alkaUne CO2 absorbent (1 5 cc of 5 n NaOH) 
For the calculations, Table I of Van Slyke and Sendroy (6) is used, al- 
though the conditions of analysis desenbed are different from theirs 
Analyses of standard solutions have shown that the yield of COi from oxalic 
acid reacting with CeiSOt)} is practically theoretical, as against the 99 4 
per cent previously found with KMnOi (<?) On the other hand, the increase 
in total fluid volume (S) from 70 to 72to73cc requires an increase in the 
correction factor for unextracted CO 3 (Equation 1 , Van Slyke aid Sendroy 
( 6 )) of about 0 5 pei cent Thus, the net effect of the differences m tech- 
mque is practically ml, and the origmal factors (6) apply directly w ithout 
change 
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The necessity of cleanliness and adequate washing of the extraction chamber 
between analyses must be emphasized The best technique found is as fol- 
lows The basic black precipitate obtained on addition of the CO2 absor- 
bent IS ejected The chamber is washed with water and three tunes mth 
1 N H2SO4 In the last washmg, the acid is permitted to drop below the 50 
cc mark, so that the connecting tube to the manometer, down to the be- 
ginnmg of the first bend, is also washed With the mercury leveling bulb 
in high position, the acid is then successively ejected through both bores of 
the stop-cock of the chamber, as the stop cock is opened and closed twice 
in each position The left-hand bore is resealed with mercury 
The washmg thus earned out tends to avoid contamination by alkaline 
carbonate ground m with the stop-cock lubricant and freed m the course ol 
a subsequent analysis It also clears the chamber of alkali and of the in 
soluble white residue of mercurous sulfate first formed by reduction of 
excess oxidant by mercury Ultimately, owing to its adhesion to traces of 
lubricant adhermg to the glass at the 50 cc mark, there may be, m spite of 
all washmg, an accumulation of this precipitate at that pomt We have 
found that when this accumulation is sufficiently great the reaction of 
H2C20 i mth Ce(SOi)2, as shown b5'’ the CO2 evolved, is not complete after 
3 nunutes Subsequent shakmgs and lereadings at 1 minute intervals will 
ultimately yield a value approachmg, but not quite attainmg, a stoichio- 
metrical result Experimental venfication of this retardation effect, 
probably the result of further reduction of Ce(SOi)2 by Hg2S04, was ob 
tamed by analyses of known oxalate solutions to which Hg'>S 04 suspended 
m 1 N H2SO4 had purposely been added, prior to the reaction with Ce(S0j)2 
Failure to obtain constancy in readings following the initial extraction for S 
minutes is a certain sign of an unclean extraction chamber By washing the 
chambei with cleanmg mixture for each day’s use, so that adhering par 
tides of Hg.SOt are removed, all trouble of this kind may be avoided 
In time, the manometer of the apparatus often becomes difficult to read, 
because of the residual ethylene glycol (3) drying agent, which adheres m 
droplets to the glass of the mercurv column As the mercury loses its 
W'etting contact with the glass, its meniscus becomes less distmct By t e 
addition of 1 part of Triton NE (Rohm and Haas) to 20 parts of the et y 
lene glycol, the glass remains clear and clean, w hile smooth flowmg mercury, 
in intimate contact with it, presents an undeformed, sharp meniscus 
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CONVERSION OF d-GLUTAMIC ACID TO PYRROLIDONE- 
CARBOXYLIC ACID BY THE RAT* 
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(Received for publication, December 4, 1943) 

The metabohsm. of the unnatural forms of many ammo acids resembles 
that of their natural isomers m so far as both may undergo oxidative 
deammation to the same keto acid which may then be reanimated Lysme 
13 exceptional, for the natural isomer is apparently not legenerated once 
mtrogen has been removed (1), whereas d-lysme is so slowly degraded that 
when an even comparatively small amount is administered much of it is 
excreted unchanged (2) 

Z-Glutamic acid is known to be very rapidly deammated and reammated, 
both in VIVO (3) and in vitro (4), but d-glutamic acid largely escapes deami- 
nation (5) In order to follow the metabolic fate of the d-ammo acid, an 
isotopic preparation of dl-glutamic acid, contammg N'* m the ammo group 
and deutenum attached to the a- and jS-carbon atoms, was fed to rats 
As m the case of d-lysine, the urme excreted by these anunals contained 
more N^® than could be accounted for as urea and ammoma (last column, 
Table I) Most of the isotope present m the unnary urea and ammonia 
can be attributed to the rapid metabohsm of the isotopic f-glutamic acid 
of the racemic compound employed for feeding 

Glutamic acid could be isolated from the urme by precipitation with 
Neuberg’s reagent (6), but only after acid hydrolysis The product proved 
to be the pure d variety It contamed the same concentration of isotopes 
as the startmg material and was therefore identical ivith the d component 
of the isotopic dl-glutamic acid administered From the data m Table I 
it can be calculated that 73 per cent of the mgested d form had been 
excreted Furthermore, the fact that the concentration of deuterium had 
not changed after the ingestion and excretion mdicates that no reaction 
mvolvmg the hydrogen atoms m the a and jS positions of the d-glutamic 
acid had occurred 

The compound actually excreted was readily extracted from the acidified 
urme by means of ethyl acetate After purification through the banum 
salt, it was identified as the dextrorotatory form of pyrrohdonecarboxyhc 
acid which corresponds to the unnatural form of glutamic acid 

* This vork was in part supported by a grant from the Josiah Alaey, Jr , Foun- 
dation 
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Exclusion of Pyrrolidonecarboxyhc Acid .-Is an Arhfacl — la view of the 
metabohc significance of the evcretion of pyrrohdonecarboxyhc acid, the 
pos3ibdit3’^that it mayhave been an artifact formed durmg the isolation pro 
cedure was tested From the data secured at 100° by Wilson and Can- 
nan (7), it appears that at pH 5 to 7, though at eqmhbnum only 2 per cent 
IS present as glutamic acid, the rate of reaction at room temperature would 
be so slow that only negligible amounts of the pyrrohdonecarboxyhc acid 
w ould be formed m the time available .-Vt pH 2, where the rate is some- 
what faster and equdibnum corresponds to about 90 per cent anhydride 
no comersion was observed when, as in the isolation procedure, glutamic 
acid w as extracted contmuously for 8 hours wuth ethyl acetate The iso 
lated pyrrolidonecarboxjlic acid could therefore not have been formed 
from glutamic acid if this had been present in the urine 
Glutamme is known to be spontaneouslj' converted to pyrrolidone 
caiboxylic acid m solution Accordmg to Jvlelville (8), at pH 7 8 and 37°, 

Tvble I 

Dislribuiioii of tn C/nnary Constilucnls a/(cr Fetding holopic dl-Glulamic iad 


The values in the last column were calculated from the total nitrogen of the frac 
tions and their isotope concentration The animals consumed 477 microequivalents 
of excess 



ToulN 

conceoUatiOQ 

Amount of N” 


m tq 

atom ptr cent Vu touas 


Urea 

100 0 

0 IW 

104 0 

NH, 

2 4 

0 020 

0 5 

Total N 

lOS 3 

0 257 

278 3 


22 per cent is formed m 20 hours, and at pH 1 8 the same degree of sphttmg 
w as observ ed by him in 5 hours The formation of pyrrohdonecarboxj'hc 
acid from excreted glutamme ma5’-, however, be excluded on the following 
grounds (1) Glutamme, because of its free ammo group, is precipitated 
by Neuberg’s reagent, wheieas pyrrohdonecarboxylic acid is not (2) No 
glutamic acid could be isolated from the Neuberg precipitate obtained 
fiom the unhydrolyzed urine, but it was secured from the filtrate after 
hj^drolysis (3) WTien a solution of glutamme at room temperature an 
pH 2 was extracted with ethyl acetate for 8 hours, the nitrogen conten 
of the extract coiresponded to a 4 pei cent conversion of glutamine o 
pjuiolidonecarboxyhc acid this value piesumabty represents t e 

lesultant of the rates of formation and extraction, it mdicates the exten 
to which recovery of spontaneous^ foimed pyrrohdonecarboxjdic aci 
might be expected if glutamme were piesent 

Conditions were arranged m a second feeding experiment so as to nu 
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mize possible conversion of glutamine, should it have been excreted This 
was done by collecting the urine m tubes kept immeised m sohd carbon 
dioxide The specimens were allowed to warm up to room temperature 
only during an 8 hour extraction period The alcohol-insoluble barium 
salt obtained fiom the extracted matenal con tamed nitrogen equivalent 
to 1 03 gm of pyrrohdonecarboxyhc acid and an approximately eqmvalent 
amount of barium From this fraction, 0 60 gm of pure crystallme mate- 
nal w as finally obtained On the basis of the amount of dZ-glutamic acid 
fed and the percentage of d isomer excieted, the maximum amount expected 
■tt ould be 1 56 gm Thus at least t\\ o-thirds had been removed by extrac- 
tion vith ethyl acetate This ts far tn excess of what might he formed by 
spontaneous conversion and must therefore represent preformed compound 
In spite of the observation (9, 10) that glutathione, vhen heated m 
aqueous solution, breaks down to yield pyrrohdonecarbox 5 dic acid, it seems 
unhkely that the d-glutamic acid is excreted as a peptide Peptides, vith 
which conversion should occur much more slowly than with glutamine, 
are precipitated by Neuberg’s reagent 
Physiological Significance of Pyrrohdonecarboxyhc Acid Formation — Free 
glutamic acid was found by Wohlgemuth (11) to be excreted by rabbits 
after administration of df-glutamic acid, but it cannot be judged from the 
descnption of the experiment whether or not hydrolysis may have occuried 
The ease ivith which 1(— )-pyrrohdonecarboxyhc acid is metabohzed when 
fed to rabbits is m accord with the possibihty that it may occur physio- 
logically Abderhalden and Hanshan (12) found none m the urme after 
administration, but did observe the excretion of d(-l-)-pyrrolidonecarbo\ylic 
acid when the racemic variety was fed This possibility is strengthened 
by the work of Woodward and Reinhart (13) who have found that both 
pyrrohdonecarboxyhc acid and glutamic acid are formed m the enzymatic 
hydrolysis of glutathione, m a ratio which depends on the pH of the medium 
The failure of d-glutamic acid to be metabohzed can, as with d-lysme, 
be ascnbed to its insusceptibihty towards d-ammo oxidase (14, 15) On 
the other hand, its dehydration in mvo is rapid and probably enzymatic 
In the physiological conversion of prolme to glutamic acid, pyrrohdone- 
carboxyhc acid may be an mtermediate, but no direct relationship has 
been demonstrated (16) 


EXPERIMEJlTXli 

Synthesis of Isotopic dl-Glutamic Acid— This was prepared from a-keto- 
glutanc acid by catalytic hydrogenation, wnth deuterium gas and isotopic 
ammoma as already described (17) The compound contamed 4 53 atom 
per cent N*® excess and 12 9 atom per cent deuterium The latter w as 
showm to be located exclusively m the a and positions (18, 19) 

First Feeding Experiment — Two male rats havmg a total weight of 
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587 gm were maintained m metabolism cages on the customary casern diet 
(20) to which a total of 1 56 gm of isotopic dl-glutamic acid nas added (as 
the monosodium salt) over a period of 3 days The animals weighed 
597 gm at the end of the e\periment Quantitative unne collections nere 
made and found to contain 1 516 gm of nitrogen and 0 257 atom per cent 
N** excess Urea nas isolated from a small aliquot as the dixanthydryl 
derivative A total of 1 40 gm of urea nitrogen ivas found to be present, 
contammg 0 104 atom per cent N'* excess The ammoma content was 
found to be 0 034 gm and contained 0 070 atom per cent N*' 

Of the 278 microequivalents of N“ found m the total nitrogen excreted 
(Table I) 104 5 mici oequivalents were present in ui ea and ammonia Since 
all but 6 milhequivalents of total nitrogen have been accounted for as urea 
and ammoma, the unexplained 174 microequivalents of must be mainly 
m the form of some othei iiitiogenous compound of very high N“ concen- 
tration Half of the isotopic dl-glutamic acid consumed was the unnatural 
foim and contained 239 mici oequivalents of N’* Thus 73 per cent (174 of 
the 239 microequivalents ingested) had been excreted 
Isolation of Glutamic Aadfroni Unne of First Expenment — ^The urine was 
concentrated in vacuo to about 30 cc and filtered The precipitate formed 
by adchtion of meicuiic acetate and sodium carbonate (6) was decomposed 
ivith HjS and the filtrate, after removal of mercuric sulfide, concentrated 
to a sviup in vacuo The residue was dissolved m a small volume of water, 
the solution was made strongly alkaline vuth barium hydroxide, and the 
alcohol-insoluble banum salts were piecipitated by adchng 3 volumes of 
alcohol Banum ion w as quantitatively removed from the insoluble frac 
tion, which contamed 5 mg of N, the filtrate w'as concentrated to 1 cc and 
saturated mth HCl No crystals appeared after 2 weeks at 5°, nor after 
hydrolysis for 3 hours followed by prolonged chillmg The alcohoho 
mother hquor was, after removal of the alcohol, treated m a similar manner, 
but no glutamic acid could be isolated either before or after hydrolysis 
The filtrate from the Neuberg precipitation w'as then investigated This 
solution, which was expected to contain the desired material, but no 
glutamic acid as such, was acidified with HCl and meicunc ion removed as 
usual The filtiate was concentrated to a small volume in vacuo and 
heated on a steam bath foi 4 hours m 5 n HCl Excess HCl was removed 
in vacuo and the residue taken up m water This fraction was treated 
ivith mercuric acetate and sodium carbonate and the precipitate treate 
m the manner described above for the isolation of glutamic acid hydro 
chlonde via precipitation of the banum salt m alcohol The insolu e 
barium salt contamed 20 mg of N After three recrystallizations from 
20 per cent HCl, 170 mg of pure glutamic acid hydrochloride were obtame 
It contamed 4 32 atom per cent excess and 12 55 per cent deuterium 
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(calculated as fiee glutamic acid) Nitiogen (Kjeldahl) 7 5 per cent (the- 
oiy 7 6 pel cent), [a]^” = -24 9° (3 02 pei cent in 1 n HCl) 

Second Feeding Experiment — Two male rats, total weight 590 gm , weie 
tieated as in the first expeiiment except that 4 16 gm of ordmary dl- 
glutamic acid w ere consumed over a 4 day period The collection tubes 
attached to the metabolism cages weie kept immersed in dr}’^ ice continu- 
ously and leplaced daily Since half of the amount fed, 2 08 gm , was 
the unnatural isomei, about 75 per cent of which, accoiding to the results 
of the first experiment, is excreted, an excretion of 1 56 gm calculated as 
glutamic acid may be expected fiom this experiment 

Isolation of Pyi rohdonccarhoxtjlic Acid from Second Feeding Experiment — 
The daily urine collection was acidified wnth dilute sulfuiic acid to pH 2, 
filtered, and extiacted continuously foi 8 hours with ethjl acetate The 
aqueous layer remamed at room temperature throughout this period The 
oily lesidue obtained by concentrating the combined extiacts in vacuo did 
not crystallize 

Sepal ate experiments with known samples of pyriolidonecarboxylic acid 
mdicated that though the barium salt of the racemic compound was soluble 
m alcohol, the solubility of the Z-barium salt w as low enough to permit its 
use foi isolation The ethyl acetate-soluble product was therefoie con- 
verted to the banum salt by dissolving in 4 cc of w'ater and slowly adding 
powdered Ba(OH )2 with chillmg (to avoid hj drolysis) and stirimg AVhen 
pH 7 had been reached, insoluble matenal w as remo\ ed and 5 v olumes of 
ethyl alcohol were added to the cleai solution with cooling The sticky 
precipitate w as centrifuged off, dissolved in w atei , and barium w as quanti- 
tatively removed with sulfunc acid The filtrate contained 112 mg of N 
(8 0 milhequivalents), approximately equivalent to the amount (8 5 milh- 
equivalents) of barium removed Tiaces of mtrogen-fiee organic acids 
weie removed by^ extraction with ethei The solution was brought to diy- 
ness and the residue dissolved m ethyd alcohol On addition of ethei , con- 
tammatmg pigments precipitated out and weie filteied oft The clear 
solution was allow ed to stand at 5° foi sex eral day^s The lesultmg 605 mg 
of crystallme material were lecrystallized thiee times from alcohol-ethei , 
mp 156-159° (uncorrected), N (Kjeldahl) found 10 9 pei cent, theoiy 
10 9 per cent, = 4-11 4° (4 5 pei cent in watei) Fiom 120 mg , by 
hydrolysis in 20 per cent HCl for 3 houis, 134 mg of d( — )-glutamic acid 
hydrochloiide, mp 202° (uncoirected), were obtained X (Kjeldahl) 
found 7 6 per cent, theory 7 6 per cent, [a]i* = —24 9° (3 37 per cent in 
1 A HCl) 

SXJMXLiRY 

1 Isotopic dZ-glutamic acid contammg in the amino gioup and deu- 
teiium attached to the a- and |8-carbon atoms was fed to full grown male 
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rats m small amounts by dailj additions to the normal stock diet over a 
period of 3 da\s 

2 Approximatelj 75 pei cent of the ingested d component was excreted 
m a form in xshich the ammo group was not free Optical rotation and 
isotope analjses of the glutamic acid isolated after hvdrolysis have shown 
it to be identical with the d component of the isotopic dbglutamic acid 
admmistered 

3 The ability of the rat to conveit d glutamic acid mto d-pyrrolidone 
carboxjhc acid has been shown by direct isolation of this from the unne 
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STUDIES ON ICETOSIS 
XXir THE METABOLISM OE CELLOBIOSE * 

By CARROLL E VANIMAN \nd HARRY J DEUEL, Jb 

(From the Department of Biochemistry and ffulnlion, University of Southern California 
School of Medicine, Los Angeles) 

(Received for publication, December 6, 1943) 

Although cellulose cannot be utilized m the higher animals mth the ex- 
ception of the ruminants, there are no exact data on whether such hydroly- 
sis products as the disaccharide cellobiose may be aiailable This sugar 
differs from maltose onl 3 ' in that it possesses a /3- rather than an a glucoside 
Imkage No enzjTne is knowm m the gastromtestinal tract which possesses 
the ability of hj^drohzing the /3-glucoside Imkage, however, it is possible 
that this sphtting maj lesult from a phosphorolysis and that such a reac- 
tion can be brought about m the gastromtestmal tiact during digestion and 
absorption 

In the present experiments an evaluation of the absorption of cellobiose 
has been made bjr the usual Con technique After it was found that cello- 
biose could be absorbed, a comparison of its glycogenic ability and ketolytic 
activity w as made with glucose given in similar amounts 

Procedure 

Studies on absoiption and on glycogen formation were made 6 hours after 
administration of the disacchande m a 12 5 per cent solution The re- 
duemg sugar was determmed by the Shaffer-Hartmann procedure on the 
filtrate following the precipitation of the proteins by ZnS 04 and NaOH 
accordmg to Somogyi, after the gut had been homogenized m the Warmg 
blendor Amytal was used as an anesthetic The method of Good, 
Kramer, and Somogyi (1) was used to deterimne hvei and muscle glycogen 
Muscle glycogen was estimated on the gastrocnemius muscle which was 
exposed and frozen in silu The ketolytic activity was determmed on rats 
having an exogenous ketonuna produced by the admmistration of sodium 
but3Tate in an amount equivalent to 75 mg (calculated as acetone) twice 
daily (2) The rats received m addition physiological sahne (control group), 
cellobiose, or glucose m an equivalent volume of solution The determma- 
tion of the acetone bodies w'as earned out by the Van Slyke procedure and 

* These data have been presented to the Graduate School of the University of 
Southern California in partial fulfilment of the degree of Master of Arts by Carroll 
E Vauiman 
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the usual macro-K]eIdahI method i\as used for the determmation of urin- 
ary nitrogen 

Cellobiose nas determined bj the Shaffer-Hartmann procedure The 
comparative equations for the estimation of cellobiose (I) and glucose 
(II) were as follows 


Mg cellobiose ■= 0 284T U c + 0 030 (I) 

“ glucose = 0132r D o - 0015 (II) 


Table I 

Comparative Absorption of Glucose and Cellobiose in Fasting Female Rats, Content of 
Reducing Material in Fasted Rats, and Recovery of Administered Cellobiose 
in Animals Sacrificed Immediately 



No 

of 

rats 

Aver 

age 

weight 

Cellobiose 

Glucose 


Fed 

1 Recovered 

Absorbed* 

Re- 

Ab- 

sorbed 


Method It 

Method 2t 

Meth 

edit 

Meth 

od2t 

cov 

ered 



(m 

mt 

mg 

mg 

t»g 

PfT 100 
:q cm 

mg 

per iOO 
sq cm 

mt 

mg 

per IQO 
tq m 

Fasting con 
trols 

Cellobiose, 

10 

198 

0 





50 


killed imme- 
diately 

10 

194 

221 5 

217 3 

209 6 



4 8 

1 





98 2 ± 0 8f 

94 7±1 It 





Cellobiose, 










killed after 6 

10 

220 

239 5 

137 8 

132 2 

5 34 

5 62 

3 2 


hrs j 






±0 36 

±0 27 



Glucose, killed 









78 3 

after 6 hrB§ 

26 




i 

j 





where d is the deviation and n is the number of experiments 

t Method 1 involes a calculation based on direct application of Equation I, while 
Method 2 involves the calculation based on Equation III 
t Percentage recovery 

§ Experiments of Deuel, Hallman, Murray, and Samuels (6) 


where T D c and T D a represent the titiation difference m cellobiose an 
and glucose respectively In order to determme cellobiose m the presence 
of glucose m the contents of the gut, it was necessary to determine t e i 
tration difference before and after a 90 minute hydrolysis with n 
T he values then xvere calculated by the folloivmg equations o ame 
mathematically by solution of (I) and (II) 
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nf 111, cu f 1 j 1 i OOSSCJ* D X - jf Ds) — 0 004 

Mg cellobiose (before bydrolyais) = — (IIii 

0166 ^ ' 

» , ru r 1 j 1 i 0 039r Z> b - 0 OlVr D A + 0007 , , 

glucose (before hjdrolysis) i— ! (TVl 

0 166 ^ ' 

^\he^e T D ^ and T D ^ represent the titration difference after hydrolysis 
and before hydroh sis (due to cellobiose and glucose) 

These formulae were tested empirically m the laboratory ivith various 
proportions of cellobiose and glucose and found to give satisfactory results 


Table II 

Lwct and Muscle Glycogen of Female Rats Previously Pasted S4 Hours or Given 
Cellobiose or Glucose 6 Hours Previously 




Luerglycogea 



1 Muscle glycogen 



Body 


mm 

1 Fisher t 


■ 

1 

1 Fisher / 


weight 

Per cent* 



cant 

valued 

Per cent 




Signifi 

cant 

valued 




Calcu 

lated 

1 

1 

Calcu 

lated 

Fasting 

1- controls 

Pi 

Cellobiose 

cm 

206 

203 

0 03 ± 0 01 
(14) 

0 38 ± 0 03 

11 07 

10 65 

2 78 


2 68 

2 59 

3 01 

Glucose 

205 

(14) 

0 52 ± 0 04 

11 87 

14 11 

2 84 


2 68 

2 52 

J2 16§ 
2 98 



(8) 




(8) 1 


J 


2 14§ 


* Including the standard error of the mean The values in parentheses are the 
number of experiments included in the averages 

t Ratio of the mean difference to the standard error of the mean difference when 


compared iiith the controls 
t Based on a P value of 0 01 
§ Based on a P value of 0 05 
11 Comparison of glucose and cellobiose groups 

when the concentiations were adjusted to give titration differences between 
2 and 10 cc Attempts to determine glucose and cellobiose m a mixture by 
fermentation of the latter by washed bakers’ yeast' were unsuccessful, as 
6 to 9 per cent of the cellobiose x\as also fermented In the presence of 
glucose as much as 70 per cent of the cellobiose was fermented m a 15 
nunute mterval Myrback (3) has reported that several yeasts mcludmg 
Saccharomyces fragtha ferment cellobiose slowly 
Female rats from our stock colony were used throughout because of the 
lower and more constant level of liver glj cogen during fastmg (4) and be- 


' Fleischmann’s 
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SUMMARY 

Cellobiose is absorbed la the rat at a rate of 5 3 to 5 6 mg per 100 sq cm 
per hour Its utihzation is also mdicated by the fact that hver and muscle 
glycogen are deposited followmg its absorption, the amounts bemg approx- 
imately the same as xvhen amounts of glucose correspondmg to that found 
from the cellobiose are given Finally it was demonstrated that these 
sugars possessed equal abihty to lower an exogenous ketonuria It is 
beheved that this mdicates that the utihzation of the disaccharide mvolves 
the hydrolysis to 2 molecules of glucose rather than a fermentation whereby 
much of the molecule would be converted to end-products which possess 
no ketolytic activity 
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A METHOD FOR THE DETERMINATION OF THIOUREA 
By LEON C CHESLEY 

{From the Margaret Hague Maternity Hospital, Jersey City) 

(Received for publication, December 3, 1943) 

The development of an accurate micromethod for the quantitative de- 
termmation of thiourea m plasma or serum seems important foi at least two 
leasons (o) There is a possibihty that thiourea may be used to 
total body uater Urea is knoivn to be evenly distributed in all of bocl\ 
u ater, and thiourea maj perhaps show a similar distnbution That it mar 
do so IS suggested by the u ork of Purple and Lavietes* who gave 01 gm of 
thiourea per kilo of body weight to three individuals, and from the serum 
concentrations (10 to 15 mg per 100 ml ) calculated the apparent volume 
of distnbution as about 67 pei cent of the body weight This, of course, 
13 consonant with the known proportion of the body weight represented bj 
water, although the coincidence may be fortuitous They were unab e to 
contmue mth the investigation because of the g^t-romtestinal reactions 
to the doses of thiourea required The more 

senbed for the measurement of thiourea would permit the use of e 
tolerated doses one-tenth of those used by Purple and Lavietes (&) 
Thiourea has been used in the treatment of hyperthyroidi^, 
wood (1) pomts out, a method is needed for its detemination in blood to 
perrmt analyzing more closely its effectiveness and mode of action 
A search of the hterature revealed several reactions given by thiomea 
but the most promismg of these seems to be the color 

Grote (2) In the preparation of his reagent, sodium nitroferncyamde m 
alkahne Llution is reduced to sodium aquoferrocyanide by 
hydrochloride Treatment of this substance with bromine gives sodium 
aquoferncyamde which, on standing m an alkaline 
to an unidentified compound This last substance reacts 
give first a blue coloi, then purple-red. and finally enmsen 
mterferes, it must be remoi ed by aeration m Grote s P‘o<=^u 

In adapting this reaction to the quantitative dctermina on th^mea 
we had a great deal of trouble in getting reproducible results borne of he 
factors fofnd to influence the leagent were the time 
additions of the successive chemicals, the varying time f 

dissolve, the amount of shaking m maluug up tlie 
the contemer m which it was made (surface exposed to 
i-emoval of bromme by aeration mtroduced a very considerable variable, 

I Lavietes, P H , personal communication 
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several other methods were tried, finally the addition of phenol was found 
to be satisfactory In the modification of the reagent the crimson color 
reaction was lost, and as the method now stands a blue color is slowly 
developed After commg to a maximum, this blue color very slowly fades, 
but never changes otherwise Usmg the Evelyn macro colorimeter, one 
may read accurately final thiourea concentrations of 1 to 10 7 per ml , 
corresponding to serum concentrations of 0 4 to 4 mg per 100 ml 

Reagents — 

Approximately f N tungstic acid Equal parts of 10 per cent sodium 
tungstate solution and of f N sulfuric acid are mixed just before use 

Color reagent Into a 50 ml Erlenmeyer flask pipette 10 ml of a 5 per 
cent solution of sodium mtroferricyamde, followed by 5 ml of 10 per cent 
hydroxylamme hydiochloride Mix by setting the solution whirhng mth 
a smgle flick of the wrist After exactly 2 minutes, add 10 ml of 10 per 
cent sodium bicarbonate and mix as before Let stand exactly 10 minutes, 
at the end of which time add 0 11 ml of bromme Mix as before, and let 
stand for 10 minutes Then add 5 ml of 2 per cent phenol After 10 
mmutes, dilute a portion of this stock solution 1 20 with 0 05 m phosphate 
buffer solution at pH 6 0 The reagent is now ready for use The tune 
intervals between additions of successive chemicals can be varied from that 
given, but to get a reproducible color reagent, the same schedule must 
always be followed 

The mdividual chemical solutions are good for at least 5 weeks, standmg 
m plain glass on the open shelf, the nitroferncyamde solution mil have 
deteriorated obviously (blue discoloration of flask), but can still be used 
Both the stock and diluted color reagents are unstable and are not suitable 
for use after a few hours Different lots of the individual chemicals give 
somewhat different color mtensities 

Procedure 

Precipitation of Serum (or Plasma) Proteins — 1 volume of serum (plasma) 

IS placed m a centrifuge tube, and an equal volume of the | N tungstic acid 
IS added The tube is closed and shaken vigorously After a few minutes 
it IS filtered, or centrifuged Some protein will float on top of the super- 
natant fluid of the centrifugate To get rid of this, the tube is gent y 
agitated, and a small amount of absorbent cotton is used to wupe down t e 
sides of the tube The cotton is then pushed dmvn just mto the fluid, an 
the tube is recentrifuged 

Preparation of Unne — Urine is simply diluted with distdled water, o ge 
a concentration of roughly 2 to 10 7 of thiourea per ml The approxiiM e 
degree of dilution can be estimated from the foUoivmg considerations 
renal clearance of thiourea is close to that of urea (3X and the desire con 
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centration of thiourea in diluted urine is half that in the serum (because the 
serum is diluted 11m the protein precipitation) The maximal urea 
clearance, calculated for urine volumes greater than 2 ml per mmute, is 



( 1 ) 


where V is reckoned m ml of urine per mmute, P is the plasma (or serum) 
concentration of urea, and U the urea concentration of unne Smce the 
average normal plasma clearance of urea (Cm) is 70, and (7/P is to be 0 5, 
the dilution is given by rearrangement of Equation 1 as 140/F When the 
unne volume is less than 2 ml per mmute, the urea clearance is calculated 
as the “standard clearance,” viz , 


C. = 


uyy 

p 


(2) 


Smce the average normal “standard clearance” is 54, the dilution can be 
calculated as 108/y/V In patients with dimmished renal function, the 
numerator of the dilution factor may be multiplied by the per cent of normal 
urea clearance shown by the patient 
Color Development — 3 ml of the serum (plasma) filtrate, or of the diluted 
unne, are pipetted mto a colorimeter tube To this are added 3 ml of the 
diluted color reagent Appropriate serum and dilute urme blanks are 
treated m the same way 

Choice of Filler — Spectrophotometric analysis of the colored compound 
was not made, but a filter havmg maximum transmission at 580 m/i was 
selected for the followmg reasons (1) This filter satisfied the loganthmic 
reqmrement, t e , a plot of the loganthms of the galvanometer readmgs 
agamst the concentrations of thiourea gave a perfectly straight Ime over a 
wide range (2) As Fig 1 shows, the bght absorption by the colored com- 
pound was maximal over the range of 580 to 620 mu, as judged from read- 
mgs taken with different filters The use of a 600 mu filter would improve 
the sensitivity of the method by only 2 to 3 per cent This filter was not 
used merely because it was not available when most of the work was done 
on the method 

Estimation of Color Intensity— The bght transmission is measured m an 
Evelyn photoelectric colorimeter ivith a filter havmg maximum transmission 
at 580 mg The center settmg is obtamed m the usual manner from the 
appropriate blank The No 6 aperture is used 
Smce different lots of color reagent vary somewhat m the rapidity Muth 
which they develop maximal color, readmgs are taken at 10 mmute mter- 
vals and contmued until the galvanometer readmgs are constant and mmi- 
mal In the serum determmation, the tune required for full color develop- 
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ment is usually 50 to 70 minutes, but occasionally may be as long as 3 hours 
In the urine deternunation, the time is usually 20 to 40 nimutes The 
first reading may safely be taken at the minimal times just mdicated In 
general, the darker the reagent the faster it develops the blue color ivith 
thiourea 

Calculation — ^When the logarithms of the galvanometer readings are plot- 
ted against the concentration of thiourea, a perfectly straight Ime is ob- 
tamed between thiourea concentrations of 0 and 10 y per ml m the final 
solution, correspondmg to sermn concentrations of 0 to 4 mg per 100 ml 

Therefore, calculation of the thiourea concentration may be made from 
the table of L values (2 — log G) For serum, the thiourea concentration 



Fig 1 The light absorption of the colored compounds formed at pH 3, 6, and 10 
Each point was obtained by use of a filter allowing maximal transmission at about 
the wave length indicated Each solution had developed maximal color when read 
mgs were taken Thiourea concentration of 1 60 mg per 100 ml of pooled serum 

m mg per 100 ml of serum (or plasma) is given by L/0 1640 In the urine 
calculation correction must be made, of course, for the dilution factor 

EXPERIMENTAIi 

Determination of Thiourea Added to Human Plasma, Serum, and Unne^ 
Thiourea u as added to pooled plasma (o\alated), pooled serum, and to eac 
of set eral lots of citrated plasma from single mdivrduals In each expen 
ment, a fresh lot of stock thiourea was made up, and fresh stock solutions 
for the color reagent were used In each experiment, five different P 
or serum concentrations of thiourea uere analj'zed In all, ten sue ex 
peiiments were carried out, with seventeen different thiourea concen ra 
tions 
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The constant, Ki, was then calculated by dividing each L value by the 
coi responding thiourea concentration m the serum or plasma sample The 
average value for ki was 0 1640 ± 0 0003 The error of single determina- 
tions liras found usually to be less than 2 per cent Fig 2 shows the range 
and distribution of these errors In addition to the 50 measurements 
described above, Fig 2 also mcludes seventeen determinations made inci- 
dentally m other experiments For serum or plasma concentrations of less 
than 1 000 mg of thiourea per 100 ml (shown m black m Fig 2), a sbght 
error m the galvanometer readmg makes a fairly large percentage error 
For instance, 0 50 mg per 100 ml of serum gives a galvanometer reading 
((?) of 82* An error of a quarter of a division m G means an error of — 1 4 



Fia 2 The frequency diatnbution of errors in the analysis of sera and plasmas of 
known thiourea concentrations ranging from 0 2 to 4 0 mg per 100 ml The solid 
black indicates determinations of concentrations of less tban 1 mg per lOO ml 

or d-l 8 per cent m the final calculation With a thiourea concentration 
of 2 00 mg per 100 ml of serum, an error of a quarter of a division m G 
means an error of —0 9 or -4-0 6 per cent 
Similar experiments with unne gave results similar to those ivith serum 
and plasma 

Magnitude and Variation of Blank — Sera, oxalated plasmas, and citrated 
plasmas were obtamed from a total of twenty-seven patients The proteins 
were precipitated with tungstic acid, and the filtrates treated with the 
dilute Grote's reagent, as descnbed above m the “Procedure ” No color 
developed in any of these blank sera or plasmas When compared i\ith 
blanks made up of water plus dilute Grote’s solution or with tungstic acid 
plus dilute Grate’s solution, the serum and plasma filtrates checked withm 
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1 galvanometer division in all but one case The majontj^ checked e.\actlj 
mth the blank tungstic acid plus dilute Grote’s reagent In one plasma 
blank, the hght transmission was somenhat greater than that of the tung- 
stic acid blank, when the blank read 50° on the galvanometer, this one 
plasma read 54* 

It may be concluded that the tungstic acid precipitation of proteins 
removes from blank serum and plasma all substances n hich giv e color with 
Grote’s reagent 

In the routme determmation of serum thiourea the center settmg ranges 
from 66 to 72, and depends upon the color mtensity of the Grote's solution 
itself, nhich vanes from day to day (The center settmg is obtained b> 
adjustmg the hght mtensity so that the blank serum filtrate plus dilute 
Grote’s reagent gives a galvanometer readmg of 100 ) 

Urmes from ten patients were diluted according to the proportions de- 
scribed m the “Procedure ’’ None of these urmes developed any color mth 
the dilute Grote’s reagent, and all gave readmgs checking within 1 gal\ anom 
eter dnnsion with blanks made up of distilled water plus dilute Grote’s 
reagent 

Interference hj Exogenous Sulfur Compounds — No color was deieloped 
bj the sulfonamides at the concentrations foimd m the sera or plasmas of 
patients under treatment with these drugs 
Sulfocyanate, unfortunately, does develop a stiong blue color with 
Grote’s reagent, even at serum concentrations as low as 2 or 3 mg per 100 
ml This means that sulfocyanate-available water and thiourea-available 
water cannot be measured simultaneously Smce thiourea does not de 
velop any color m the sulfocjanate determmation, the detenmnabons can 
be made successively, the thiourea-available water bemg measured first 
Stahhiy of Thtourea in Scrum, Plasma, and Tungstic Acid Filtrates-' 
Thiourea seems to be stable for several daj's, at least, m serum or plasma 
Determmations made on serum or plasma which had stood m the laboratory 
for a week checked wath those made at once In the tun^tic acid filtrates 
the results are often variable after a day or two 
Effect of pH — ^There are three effects of the acidity of the medium in 
which color is developed 

(a) When the acidity is greater than pH 3, almost no color appeam 
From pH 4 to 9, at mtervals of 1 pH umt m the experiments, a blue co or 
IS developed Except at pH 9, this blue color does not change, other t ^ 
to fade slowly after reachmg a maximum At pH 9 the blue gra u y 
changes to pink At pH 10 a pmk color is developed Fig 1 ^ 

light absorption of the colored substances at pH 3, 6, and 10 ci 1 1 
from pH 3 to 8 give similar curx es, with maximal hght absorption e w 
580 and 620 m,i At pH 10, the pmk color shoivs maximal absorption 
about 520 mp 
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(h) The rate of color development increases with mcreasmg pH, up to 
pH 9 Fig 3 shows the color de\elopment at pH 4, 6, and 9 Curves for 
acidities between pH 4 and 8 (except pH 7) are sunilar to and fall between 
the curves for pH 4 and pH 6 At pH 7 the curve is very siTnilar to that 
shown for pH 9 

(c) The maximal color attained vanes somewhat with the pH In aque- 
ous solutions, the maximal color is the same between pH 5 and 8, though the 
lates of development vary In the tungstic acid filtrates of plasma and 
seium, the color development is slightly greater at pH 6 than at any other 
acidity Also the color seems to fade somewhat more slowly at pH 6 
Ejfect of Temperature upon Rate of Color Development — The rate of color 
development w'as noted to be much faster in the hot summer months than 
m the cooler autumn Detailed expeiunents upon the temperature effect 



Fig 3 The rate and degree of color development at pH 4, 6, and 9 Thiourea 
concentration of 3 75 mg per 100 ml of pooled nitrated plasma 

w ere not made However, parallel determmations made at 21° and at 31° 
show ed that maximal color was attamed about twnce as fast at 31° 

SUMMARY 

A photoelectnc method is described for the determmation of thiourea at 
concentrations of 0 4 to 4 mg per 100 ml m biological fluids Higher 
concentrations may, of course, be measured by dilution of the ongmal 
samples 

For the determmation m serum or plasma, the proteins are precipitated 
by the addition of an equal volume of approximately § n tungstic acid 

In the measurement of thiourea m urme, the urme is diluted according to 
the rate of urme formation Working formulae are given for the dilution 
factors 
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A modified Grote’s reagent is descnbed, and certain precautions neces^an 
m its preparation are outlined 

A blue color is developed, at pH 6, i\ hen 1 i olume of modified Grote’s 
reagent (diluted 1 20 m phosphate buffer) is added to 1 1 olume of serum 
(plasma) filtrate or diluted urme 

Readmgs are taken at mten als with the E\ eljii photoelectnc colonin 
eter A filter allowing maximal transmission at 580 m;i is used (Filters 
600 or 620 are also satisfactory, all three fulfil the loganthmic requirement) 
"When maximal color has been de\ eloped, the readmg is recorded for the 
final calculation 

The error of smgle dete rmina tions m known plasma, serum, and urme 
concentrations of thiourea was usually less than 2 per cent 
Blank values for serum, plasma, and urme are almost neghgible 
The sulfonamide drugs do not give any color, and therefore do not mter 
fere vath the measurement of thiourea 
Sulfocj anate does give color uTth the modified Grote’s reagent, and there- 
fore mterferes with the determination of thiourea 
Thiourea is stable m plasma or serum for several daju 
There is a marked effect of pH m the medium m which color is developed 
Best results were obtained by buffenng to pH 6 with phosphate buffers 
The rate of color development is accelerated with mcrease of temperature, 
at least m the range of temperatures likely to occur m the laboratory 
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AN IMPROVED THIOCHROME METHOD FOR THE 
DETERMINATION OF THI4MINE IN URINE 
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(From the Deparlmenl oj Pediatrics, the Johns Hopkins University, Baltimore) 

(Received for publication, December 6, 1943) 

The standard thiochrome procedure for measuring thiamine as developed 
b) Jansen (1) and perfected b 3 '’ Hennessy and Cerecedo (2) involves the 
adsorption of thiamine on a zeohte column, elution by KOI, treatment vvith 
alkali and ferncyamde to convert thiamine into the fluorescent thiochrome, 
extraction of the latter with isobutanol, and photometric measurement of 
the fluorescence of the isobutanol extract A compheatmg factor in this 
procedure was discovered by Najjar and Wood (3) m 1940 They reported 
the presence m urme of a mcotmic acid denvative subsequently designated 
as Fj (4), which was adsorbed and eluted together with thiamme and which 
exhibited greenish blue fluorescence after alkalmization and subsequent 
extraction with isobutanol Fj differs from thiochrome m that alkah alone 
will brmg out its fluorescence, whereas alkali and ferncyamde are required 
to brmg out the fluorescence of thiochiome It would thus appear at first 
glance that by the use of a blank determination m which alkah alone is added 
rather than alkah and ferncyamde, and by subtraction of the fluorescence 
of the blank from that of the sample tieated with ferncyamde, the true 
thiochrome fluorescence could be obtamed and the error due to the presence 
of F 2 ehmmated Another method of ehmmatmg the Fj error was pro- 
posed by Mason and Wilhams (5) These mvestigators attempted to 
ehmmate the Fj error by runnmg a blank determmation on a sample treated 
with sodium sulfite to destroy thiamme Presumably only thiamme was 
destroyed by this treatment and the difference between the blank and the 
thiochrome fluorescence w as taken as the true thiamme readmg 
It IS the purpose of the present communication to show that neither of 
these two procedures suffices to elmunate the error due to Fa m the thio- 
chrome determmation, an error which m the presence of a small amount of 
thiamme and of a large amount of Fa may assume very sigmficant dimen- 
sions We have furthermore now developed a procedure m which this 
mterfermg factor is completely ehinmated 
The procedure of Mason and WiUiams is maccurate because the sulfite 
treatment employed by them to destroy thiamme also destroys some F-, 
as w e have been able to show by measurements on purified Fi (6) freed 
from thiochrome The older procedure of Hennessy and Cerecedo (2), m 
which the fluorescence of an alkali-treated blank is subtracted from that 
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of a sample treated with alkali and ferncyanide, I'e have found to be 
maccurate for the reason that the femcyamde used to oxidize the thiamine 
to thiochrome also affects the Fj The latter, a pyndine derivative, is 
converted mto a pyndone which possesses only 21 per cent of the fluores- 
cence of the origmal F 2 with the optical system used by Hennessy and 
Cerecedo It is obvious that this loss of Fj fluorescence will have the 
effect of masking the mcrease m fluorescence caused by the production of 
thiochrome Not mfrequently, when the quantity of F 2 is well m excess 
of that of thiamme, the loss of fluorescence caused by the conversion of the 
pyndme mto pyndone derivative exceeds the gam m fluorescence caused 
by the conversion of thiamme mto thiochrome Under such circuinstances 
the fluorescence of the alkali blank is actually greater than that of the 



Fig 1 Relation between fluorescence of Fj and oxidized Fs Each galvanometer 
unit IS equal to i Naj jar-Wood unit of F , and is derived from 1/26 7 of thiamine by the 
optical system of Hennessy and Cerecedo The linear relation shown does not obtain 
at concentrations of Fj greater than 4 Najjar-Wood umts, since at these higher con 
centrations the quantity of femcyamde employed is insuflScient to cause complete 
oxidation of Fi 


sample treated with alkah plus femcyamde, and the thiamme appears to 
be zero although m fact very appreciable quantities of thiamme may have 
been present We have overcome this difficulty by the mtroduction of a 
correction factor for the reduction of fluorescence caused by the oxidation 
of Fj 

In order to evaluate such a correction factor and to determme whet ei 
or not it was constant over a given range of concentration, a study wm 
made of the effect of alkah and femcyamde upon the fluorescence 0 su 
stances m the urmary eluate other than thiamme Studies were ma e on 
(1) urme freed from thiamme by treatment ivith sodium sulfide and su se 
quently adsorbed and eluted by the Hennessy-Cerecedo procedure, (, 
eluates of urme treated ivith Malhnckrodt’s adsorbent charcoal to remo 
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thiamine and unnaiy pigments, and (3) on puufied Fa itself It n as found 
that treatment of each of these piepaiations wth alkali and femcyanide 
caused a decrease in fluoiescence to 21 ± 0 5 pei cent of the origmal value 
as measured vith the optical system of Hennessy and Cerecedo The 
accompanying guiph (Fig 1) illustrates the constancy of this loss of fluores- 
cence caused by oxidation o\ er a consideiable range of concentration The 
results shonn m Fig 1 indicate that when the fluorescence of Fs is plotted 
against that of oxidized Fj the points foim a straight Ime with a slope of 
0 21 In other w ords, the fluorescence of the oxidized (pyridone) com- 
pound IS almost exactly 21 per cent of that of the reduced compound m the 
range of concentiation m which measuiements are ordinarilj made We 
have therefore introduced a correction foi this effect into the thiamme 
determmation If the fluorescence of the alkali-treated aliquot is desig- 
nated .-I, that of the aliquot treated wath alkali plus ferricj'’amde as AF, 
and that of the reagent blank as B, the fluorescence of the thiochrome m 
the aliquot will be represented by the expression (AF ~ B) — 0 21 (A — B) 

Thtamtne Method 

The analytical procedure and optical system emplojed aie essentially 
those of Hennessy and Cerecedo A sample of urine containmg not more 
than 3 7 of thiamme (5 to 25 cc aie used depending on the anticipated 
thiamine content) is adsorbed on a column of freshly activated permutit 
The column is eluted with 25 per cent hot KCl untd 11 cc of eluate are 
collected Of this eluate two 5 cc abquots are taken, one for treatment 
with alkali alone (3 cc of 15 per cent NaOH) and one for treatment with 
alkab plus ferncyamde (0 1 cc of 1 per cent K 3 Fe(CN) 6 ) After such 
treatment each abquot sample is immediately extracted with 13 cc of iso- 
butanol, it is shaken vigorously for 1 to 2 minutes and then centrifuged 
for 3 minutes at low speed The isobutanol layer is separated m a separa- 
tory funnel, it is then cleared by the addition of a pinch of anhydrous 
NajSOi and the fluorescence measured without delay 

Calculation of the thiamine content involves a numerical factor which 
will vary with the instrument and the procedure used to standardize it, 
and will include the fraction of the original sample taken as an abquot for 
analysis Our standard of leference is a solution contaimng 1 7 of thiamme 
chloride m 5 cc of KCl, treated ivith alkab and ferncyamde and extracted 
with isobutanol exactly as is done with the aliquot of unnary eluate 
Thiamme is calculated from the expression 

— — Pj l— — X — = nucroerama thiamine m ongmal sample 

(T - S') 5 

m which A and AF represent the fluorescence (m galvanometer units) of 
the aliquots treated with alkali and alkali plus ferncyamde respectively. 
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B lepiesents that of the reagent blank, and T that of the thiamine standard 
in these same units The diaphragm of the instrument is adjusted until 
the standard solution registers some convenient round number on the 
gah anometer scale, and the measurements on the unknown are made with 
this same adjustment 

In practice it is convenient to use a quimne solution for standardizing 
the instrument each time a determmation is made, since qumme solutions 
are stable If the relation beta een the fluorescence of the quimne standard 
and thiamme standard is know n, the instrument can be set at the standard 
adjustment with the qumine solution For example, we find that a stand 
ard solution contammg 20 y per cent of qumme sulfate gives a fluorescence 
of 20 galvanometer umts, wheieas the thiamme standard mentioned above 
mth the same adjustment of the instrument (after deduction of the reagent 


Table I 

Recovery of Variable Amounla of Thiamine Added to Thtamine-Free Urine EluaU 
Containing Constant Amount of Fi 


ThUmlDC added to sample oi 
eluate 

Thiamme recovered 

Heaaessy Cerecedo procedure 

Fresent procedure 

r 

Y , 

y 

1 0 

0 605 

1 0 

0 75 

0 354 

0 13 

0 5 

0 104 

0 49 

0 25 

0 0 

' 26 

0 175 

0 0 

3 175 


* The eluate contained in each instance 2 Naijai-Wood umts pe 5 cc 


blank) reads 26 umts Before use, w e then adjust the instrument with the 
qumme standard to read 20 umts and employ the foUmvmg formula 

9 ^ X — = niicrograms thiamme in onginal sample 

26 5 

In order to verify the procedure as outhned above the effect of thiamme 
additions to a unnarv eluate was studied IJrme was freed from thiamine 
by shakmg with Mallmckrodt’s adsorbent charcoal which at pH 3 
3 5 adsorbs thiamme along wuth urinary pigments The clear filtrate cot- 
taining the F« fraction was adsorbed ou permutit and eluted with I 
The Fs concentration of this thiamme-free eluate was 2 Najjar- Wood uni 
per 5 cc Thiamme m variable quantities was added to this eluate an 
analyzed by the procedure described above The results are shoira 
Table I It is apparent that the present method permits an accura 
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assaj of thiamine e\en in the piesence ot in e\cess of F2, m contrast to the 
veij^ incomplete lecovery of thiamme if no coirection foi the oxidation of 
Fo IS introduced 


Table II 

Recovery of Thiamine Iddcd to Thiaminc~Frcc hrinary Eluates Containing Varying 

Amounts of F 


Fj present 

Thiamme added to 

Thiamme recovered 

thiamme free eluates 

Hennessy Ccrcccdo 
procedure 

Present procedure 

A ajjar Wood units 

y 

y 

y 

1 0 

1 0 

0 so 

1 0 

2 0 

1 0 

0 60 

1 0 

3 0 

1 0 

0 40 

1 04 

4 0 

1 0 

0 21 

1 0 

1 0 

0 5 

0 30 

0 51 

2 0 

0 5 

0 11 

0 50 

3 0 

0 5 

0 0 

0 49 

1 0 

0 25 

0 05 

0 26 

2 0 

0 25 

0 0 

0 24 

3 0 

0 25 

0 0 

0 24 


Table III 

Thiamme Concentration of Urine 

The values are given m micrograms per 100 co By the original thiochrome pro- 
cedure all values were negative 


Subject 

Present modiScation 

\east fermentation method 
(Frej) 

C G 

1 3 

1 5 

C P 

1 3 

1 4 

A P 

0 5 

0 4 

H K 

0 7 

0 7 

G B 

2 6 

0 7 

C G (2nd specimen) 

0 S 

1 1 

C P “ “ 

2 5 

2 0 

A P “ “ 

0 6 

0 3 


* These measurements were made at the Fleischmann Laboratories through the 
courtesy of Dr C N Frey 


Table II shows the recovery of an identical amount of thiamine added 
to a thiamme-free eluate contaming i ariable quantities of F. 

As w e hat e pointed out, the circumstances under which tins modification 
IS of the greatest value are m the piesence of a high nicotmic acid intake 
or a low thiamme intake, m which case the excess F2 excietion may mask 
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thiamine excretion in part or %n toto This was impressively demonstrated 
to us m an expenment we were conductmg on human subjects on a thi- 
amme-deficient diet, all of whom were receivmg 25 mg of mcotmamide 
daily By the ongmal Hennessy-Cerecedo method each of these subjects 
gave negative thiamme excretions However, by the new method it was 
found that minute amounts of thiamme were bemg excreted by each 
subject Specimens of their urme analyzed by our new procedure were 
analyzed by Dr C N Frey of the Fleischmann Laboratones usmg the 
yeast fermentation procedure A close agreement between the results 
obtained by him and by our modified thiochrome procedure was found m 
all but one of the urines studied (see Table III) 

We should like to point out that the correction to the thiamme deter 
mmation which i\e have described is apphcable not only to urme, but to 
other biological materials m which Fj may be present We have found 
F 2 to be present in many tissues, notably in liver, and we have also found 
it to be present in feces 


SUilXLVBT 

A modification of the Hennessy-Cerecedo thiochrome procedure for the 
detemunation of thiamme m urme and other biological fluids is descnbed 
This penmts one to determme thiamme accurately m the presence of F:, 
a derivative of mcotimc acid which may under certam circumstances cause 
major errors m the thiamme determination 
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3-ACETYL-5,6-ISOPROPYLIDENE ASCORBIC ACID* 

CARL S VESTLING and MILDRED C REBSTOCKf 

(From the Division of Biochemisinj, Noyes Lahoralory of Chemistry, University 
of nitnots, Urbana) 

(Received for publication, November 18, 1943) 

The acetylation of the enediol system of ascorbic acid ivas undertaken as 
part of a study of the stabilization of ascorbic acid against oxidation 
Previous attempts to prepare an acetyl derivative of ascorbic acid have 
been recorded (1), but no crjstalhne compound has been obtamed It 
appeared that the use of ketene as an acetylatmg agent would be advan- 
tageous m these studies, smce the acidic hydrogen attached to carbon atom 
3 ought to be readily attacked It should be noted that 3-acet3d ascorbic 
acid is a vmylogue (2) of an acid anhydride, hence it would be easily 
hydrolyzed m aqueous solution 

We have treated the isopropylidene denvative of ascorbic acid with 
ketene m anhydrous acetone, the progress of the acetylation bemg follow ed 
by mdophenol titration In this way a crystalhne compound has been 
obtamed Its structure has been shown by analysis, quantitative titration 
with diazomethane, and kmetic studies of the hydrolysis of the material 
to be of the form shown m the accompanymg formula 


0==C- 

I 

HO— C 

o II 

II I 

CH,— C— O— C 

I 

HC- 


CH, O— C— H 

C 

/ \ 

CH, O— C— H 


H 


This compound is of mterest, smce it sheds further hght on the structure 
of ascorbic acid Acetylation of ascorbic acid leads not only to a loss of 

* Taken in part from a thesis presented by Mildred C Rebstock in partial fulfil- 
ment of the requirements for the degree of Master of Arts in Chemistry 

t One of the authors (M C R ) is indebted to the Dmvcrsity of Illinois and to the 
S M A Corporation for financial support during this investigation 

585 



586 


ACCTILISOPROPiLIDENE VSCORBIC \CID 


indophenol reducmg pou er but also to a loss of acidic pfoperties How e\ er, 
in neutral aqueous solution hydioljsis of the acetvl compound proceeds 
rapidlj Mith the liberation of the 3 position 
Studies until diazomethane (3, 4) hai e slioini that the 3-methyl ether of 
ascorbic acid is readily prepared bj a titiation process, whereas the 2,3 
diraethjd ether is obtained only by piolonged reaction with an excess of 
diazomethane (3, 5-7) Therefore, if the 3 position of ascorbic acid (oi the 
isopropylidene denvative) is substituted, reaction uith diazomethane 
should be blocked With the aid of anhx'^drous ether solutions of diazo 
methane which were standardized against benzoic acid, it has been shomi 
that the new compound fads to react leadilj with diazomethane This 
finding offers strong support to the suggested formula 
As a means of substantiating the stnictuie fuithei a study of the kinetics 
of the hydrolysis of the compound w as undertaken The hj drolysis should 
proceed according to a pseudo first oidei mechanism, smee changes m the 
concentration of xvater would be negligible m dilute solution This rcac 
tion IS compheated by simultaneous oxidatn e destruction of ascorbic acid 
As the hydrolysis proceeds, the rate of decomposition of the enediol system 
gradually overtakes its rate of formation Hence the reaction must be 
earned out under conditions which permit an analj’sis of the hydrolysis in 
the presence of the competing oxidation At 70“ m 3 per cent HP0» at 
pH 1 9 hydrolysis was found to be complete m 2 hours The rate of oxida 
tive destruction of isopiopylidene ascoibic acid was mxestigated under 
similar conditions so that corrections could be applied However, qualita 
tive evidence indicates that the decomposition proceeds much more rapidly 
m the hydrolysis system than in the control In the kinetic study small 
approxunate corrections have been applied to the last tw o pomts only In 
the later stages of the hydrolysis oxidative destruction becomes the 
dominant factor, and no experimental oi empirical correction was foimd 
to be satisfactory 


EXPERIXIENTXn 

Acetijlalion of i'lcorbtc Acid with Kclenc at 0° in iqueous Solution— 
limmary attempts to obtain an acetjl deiix'ative by the use of acetic “in 
hydride with pjrridine failed, and the use of sodium acetate resulted m a 
water-insoluble syrup which resisted all attempts at crystalhzation 
Accordingly we turned to ketene as an acetylatmg agent Ketene was 
generated m an apparatus similar to that described by Hershberg an 
Ruhoff (8) It w'as passed through an lee-salt trap and then throug a 
carbon dioxide-methyl cellosolve trap befoie being conducted to ^ 
tion system The matenal to be acetylated w as contamed m a ni > 
3-necked flask equipped wuth a mechanical stirrer and a ketene ou e m 
NaOH 
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Ascorbic dcvd (Malhnckiodt, i, & p XI, 0 0607 gm ) ^^as dissolved in 80 
ml of distilled water in a 100 ml volumetiic flask 10 ml of glacial acetic 
acid w ere added and the s^'^stem diluted to volume The resulting pH w as 
2 3 One-half of the above solution was lemoved with a pipette and held 
at 0° AS a control The remainder was tieated with a rapid stieam of 
ketene while being kept at 0° At vaiious time intervals 1 ml portions 
were removed and titiated with standardized 2,6 dichlorophenol mdo- 
phenol The results of this treatment are shown m Fig 1 Reaction w ith 
ketene effectively blocks the enediol system of ascorbic acid When ketene 
treatment is stopped, hydroRsis of the acetyl group proceeds rapidly at 
32°, but very slowly at 0° 

Freparadoa of Acelylisopropyltdene Ascorbic Acid — Isopropyhdene as- 
corbic acid was prepared according to Micheel and Basse’s modification 
(9) of von Vargha’s procedure (10) Anhydrous acetone was obtamedby diy'- 



Fig 1 The acetylation of ascorbic acid in aqueous solution at 0° and pH 2 3 
Samples titrated with 2,6 dichlorophenol indophenol 

mg for 12 hours over dnente, filtiation, and distillation Petroleum ether 
was dned over CaCb and distilled The use of anhydrous solvents ap- 
peared to be important for the success of this preparation 

A sample of isopropyhdene ascorbic acid showed the foUowmg identifymg 
characteristics m p (corrected) 221 6°, with decomposition (10), [a),? ^ = 
-f22° (1 8 per cent m distilled water), neutral equivalent 217, calculated 
216 Indophenol titration required the calculated amount of the dye 
witlim experimental erior A dilute alcohohe solution gave a violet color 
with feme chloride Analysis led to the foUowmg values (6, 10) 

C,H, Ot (216) Calculated, C 50 00, H S 55, found, C 50 24 H 5 76 

A solution of 1 23 gm of 5,6-isopropyhdene ascorbic acid in 60 ml of 
anhydrous acetone was treated with a rapid stream of ketene The reac- 
tion was carried out at room temperature until the mdophenol titration 
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value was zeio (25 minutes) The solution was then allowed to evaporate 
spontaneously foi seveial houis, and a ciystalline matenal was obtained 
This matenal was dissolved m a little acetone, the solution filtered, and 2 5 
volumes of low petroleum ether weie added Long, flat, colorless needles 
appeared withm a feiv minutes, jneld, 56 per cent The success of this 
reaction depends on the use of puie acetone derivative as a starting product 
A small amount of a yellow syiup is always obtamed, it is less soluble than 
the acetyl derivative and may be easily removed from the acetone petro- 
leum ether solution The amount of syrup increases markedly if Letene 
treatment is allowed to continue after the mdophenol ead-pomt has been 
reached This suggests that acetylation of the 2 position is probably 
taking place 

The new compound melted at 115-116° (corrected) A pronounced 
orange color was obtamed mth FeClj m ethanol No reduction of mdo- 
phenol ivas observed when the acetyl compound was titrated m anhydrous 
acetone 

An attempt to obtam a neutral equivalent on the acetyl compound led to 
the followmg result A sample (0 0234 gm ) was dissolved m 25 ml of 
COs-free distilled water Titration noth 0 0094 n NaOH requned 1 00 ml , 
phenolphthalein bemg used as the indicator A shdmg end-pomt was ob 
served, which undoubtedly mdicated hydrolysis of the acetyl group 

Analyses of two different samples of the acetyhsopropyhdene ascorbic 
acid which had been recrystallized several times from acetone-petroleum 
ether yielded the followmg data 

CnHuOy (258) Calculated, C 51 16, H 5 43, found (A), C 51 42, H 5 52 

" (B), “ 51 46, " 5 56 

A sample of the acetyl compound (0 2408 gm ) m absolute methanol (15 
ml ) showed a specific rotation of [a]*^ = +27 4° 

Reachons with Diazomethane — ^For these experiments diazomethane m 
absolute ether solution ivas prepaied from methylurea mtrate accordmg to 
Arndt (11) The ethereal solutions were standardized against benzoic 
acid as described 

Prehmmary quahtative observations showed that 5,6 isopropyhd®® 
ascorbic acid m absolute methanol reacted readily with diazome 
whereas the 3-methyl and 3-acetyl denvatives failed to react ® 

latter two cases m which the 3 position is blocked, the yellow color o 
diazomethane solution persisted after the first addition of ethereal az 
methane However, m methanol solution some reaction was always o 
served as mdicated by a slow evolution of mtrogen 

Accordingly, the above observations were placed on a quantita ive 
When the diazomethylations were carried out m absolute methano a 
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for 2 minutes before reaction with benzoic acid, it was found that isopro- 
pyhdene ascorbic acid took up 4 8 moles of diazomethane, whereas the 
acetyl compound took up 1 27 and 0 58 moles m the case of two samples 
Evidently the type of catalytic decomposition of diazomethane m methanol 
descnbed by Eistert (12) was bemg encountered Hence we turned to the 
use of dioxane as a solvent 

Peroxide-free dioxane (13) was distilled from sodium just before use m 
these determmations The procedure was as follows Isopropyhdene 
ascorbic acid (0 1078 gm), 3-methylisopropyhdene ascorbic acid (0 1000 
gm ), and 3-acetyhsopropyhdene ascorbic acid (0 949 gm ) were dissolved 
m 5 ml of dioxane at 13° The dioxane solutions were then treated with 
15 ml of ice-cold ethereal diazomethane After 20 to 30 seconds the 
mixtures uere poured into cold 50 ml portions of ethereal benzoic acid 


TABnt I 

Quantitative Diazomethylation Studies 


Compound 

Amount of 
sample 

NaOH for 
titration 

CHiNj reacted with 

1 CiHiCOOH 

CHiNiused 
per mu 
compound 


mu 

m tq 

mu 

mu 

Blank 1 

0 

3 60 

3 68 


“ 2 

0 

3 54 

3 74 


Isopropyhdene ascorbic acid 

0 499 

4 39 

3 71 (Average) 

2 89 

1 64 

3 Methylisopropyhdene ascorbic 
acid 

0 435 

3 49 

3 79 

1 

-0 21 

3 Acetylisopiopjlidene ascorbic 
acid 1 

0 368 

3 60 

3 68 

-f 0 08 


which contamed 0 8889 gm (7 28 miu) of benzoic acid After 10 minutes 
at 0° the solutions i\ere titrated with 0 2309 n NaOH to the first definite 
phenolphthalem end-pomt The results, m which no allowance is made 
for titratable acidity in the resultmg methylated ascorbic acid derivatives, 
are shown m Table I 

The reaction tune (20 to 30 seconds) had to be carefully controlled m 
these experiments, smce even m dioxane a slow decomposition of diazo- 
methane was encountered Nevertheless it seems to be clearly demon- 
strated that the 3 position is blocked and that the acetyl group is therefore 
attached to carbon atom 3 

Kinetics of Hydrolysis of Acetylisopropylidene Ascorbic Acid — Prelim- 
mary attempts to study the kmetics of the hydrolysis of the acetyl derivative 
at room temperature and at 0° m 3 per cent HPOj or m distilled water did 
not allow a decisive analysis of the data A search for more favorable 
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Mro..B.s eorpr£i;r;;rrc: 

The resulting pH n as 1 9 system diluted to the imL 

samples were titrated with .pf was complete, duphcatelml 

placedmawatefSaTra- ThefW«.fc 

at the time mtervals noted below’ 

in ice on removal from fiio k i.u , sample was immediately cooled 
connng to rooT t^emture"^ inthm 2 miauL af.e, 

control system an eouimnln results are plotted m Fig 2 Asa 

equimolar quantity of isopropyhdene ascorbic acid (lot 


100 ml 



mg ) was treated as abnvp a i 

hdene ascoibm np.ipi ^ ^ linear late of decomposition of isoprop) 

matenal was during 2 hours 13 per cent of the 

mmute Pcsed in 2 houis, a rate equivalent to 0 1 per cent per 

m the hvdroIv«io°Ia^°*^^°°^ applied to the points at 45 and 60 minutes 
and that at 60 imnuS"^^^^^ Ti*® mmutes was I 7 mg 

tion that nil tkB. k j , Each coirection was based on the assunip- 

been “ndfoL' 'b' '■“= »' 

the start of f6o o-l mposition at a rate of 0 1 per cent per minute since 
a much more Smce other observations repeatedly mdicated 

the cotrS o n f m the hydrolysis system than m 

The nlnt nf +k I ^ave not been ovei corrected 

c oganthm of the concentiation of unhydrolyced acetyl 
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derivative against time is characteristic of a pseudo firat order reaction m 
which the change m concentration of one of the leactants (water) during 
the course of the reaction is negligible A plot of the reciprocal of the 
concentration against time, which yields a straight Ime in the case of second 
order kinetics, showed definitely that the reaction did not proceed accordmg 
to a bimolecular mechanism 

The hj drolysis w as about 75 per cent complete in 1 hour The data ob- 
tamed durmg the 2nd hour mdicated that oxidative decomposition had set 
m at such a rate as to make it impossible to correct the values obtamed on 
the basis of the behavior of the control system 

The pseudo first order kinetics of the hydrolysis lend further support to 
the proposed structure of the acetyhsopropylidene ascorbic acid 

SUMMARY 

1 A crystalhne acetyl derivative of ascorbic acid has been prepared bv 
the action of ketene on isopropytidene ascorbic acid in anhydrous acetone 
Its structure has been shown to be 3-acetyl-5,6-isopropyhdene ascorbic 
acid 

2 The ketene acetviation of ascorbic acid m aqueous solution has been 
studied 
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Leva and Rapoport "hat phosphoglycerol 

detemunation of phosphoglycero^^^t ^ 

constitutes a laige part of 8 to 28 9 mg per cent of 

extent that of other 160mg per cent of ester) m ere reported 

phosphoglycerol phosphorus (154 to IbU mg p approximately 25 

for livers of fed rats, rabbits and pigeons (2) ^ .l^^^^atical 

per cent of the acid-extiactable p osp sl^ould be present 

grounds, there seems to aJMeyerhof and Kiesshng (3) have 

m such large amounts m tissues, aoproximately 78 per cent 

pomted out We have been able to account fo ^P ox y 

of the phosphorus of of other esters 

Uvers (which would contam the f ° ^ycerm; m 

of known properties Since ^ Rapoport seemed too high, 

expebimental 

Leva and Rapoport oxi^ze the P^°®P p^”°^*ac!d The^ morganic 
hyde vnth periodate, and hy ro ^® .P ^glycerol phosphorus Such 
phosphorus released is repot nhosohate esters by carbohydrate 

a de^adation has been --<1 ^ group It is 

chemists m order to determiii P nhosohate esters )ust as occurs 

thus known to cause a breakdown of s S P ligated that ribose-5- 

„ .-phosphoglycerol I'«>mr5('SS?ph4tato oU mUtfero m 
phosphite, I™'*™'-®'!’*'™)'* Exmmilioo of the traction 

such a determination of . , „ol showed that it contamed 

used by Leva and Rapoport for Phosphog^ cml sb^ to the 

all three of these mterfermg esters, which were tn 

phosphoglycerol measuremente (owmg to readily available 

Our tissue samples were all froze ice-ether mi-xture used by 

supplies of the material) rather than y^ (300 gm ), 

Leva and Rapoport Analyses were anesthetized 

male, fed rats (Sprague-Dawley, Inc . jj x the livers removed 

with nembutal (5 mg per 100 gm mtrapentoneally) 
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DETERSIINATION OF PHOSPHOGLYCEROL 


and quickly dropped in liquid air The tissue was powdered betiieei 
chilled steel blocks and in each case transferred to a weighed flask of tri 
chloroacetic acid The flask Mas reweighed, the tissue homogenized in a 
Waring blendor, and the ddbiis centrifuged off Extracts were such that 
10 cc were equivalent to 1 00 gm of ivet u eight of liver The analyses 
given are averages of determinations on three animals The extracts were 
analyzed for inorganic phosphorus and lactic acid, which were found to be 
15 9 ± 1 4 and 23 2 ± 2 3 mg per cent respectively The tissue was thus 
demonstrated to be lestmg liver (Leva and Rapoport found morganic 
phosphorus of lat liveis used to be 16 7 to 22 8 mg per cent) Total acid 
extractable phosphoius was found to be 111 ±4 mg per cent 
Esters Present tn Leva-Rapopori Phosphoglyccrol Fractions — Aliquots of 
the liver extracts were earned through the procedure exactly as described by 
Leva and Rapopoit (1) for determination of mixed a- and ;8phospho 
glycerol The factor 1/0 862 was used to calculate phosphoglvcerol phos 
phoius A second aliquot was, in each case, neutralized to pH 8 2, and 
excess barium acetate and 4 \ olumes of EtOH added The bainim soluble 
alcohol-insoluble fraction so obtained was fieed of nucleotides and analyzed 
for phosphoglyccrol b\ the method of Lei a and Rapoport Both of the 
fractions mentioned above were analyzed for pentose (4) and fructose (5) 
and, as described later, for leducing sugar (6) Fiuctose measured X 2 39 
gives fiuctose-G-phosphate as the fiee acid Pentose phosphates give the 
full theoietical pentose equivalent These points, as well as the equivalents 
as reduemg sugar, have been established with the pure esters The results, 
along w ith the calculated lev els of esters present, are listed m Table I 
It will be noted that the two fiactions show identical properties 

It was necessary to carry out further fiactionation m order to measure 
glucose-6-phosphate and to demonstrate that the sugars measured m the 
Leva-Rapoport fiaction were present as esters lather than as free sugars 
Ahquots of the Leva-Rapopoit fractions were adjusted to pH 2 0 with HCl 
and an excess of Ba(OAc)j added to remove the sulfate The BaSOiWas 
centrifuged out The supernatant was m each case treated with more 
Ba(0Ac)2 plus a small amount of inorgamc phosphate and adjusted to pH 

8 2 The solutions were left at 0° for 1 hour, and then centrifuged This 

removes the inoiganic phosphate and quantitatively carries down any 
hexose diphosphate present The supernatants from this step were treate 
with 4 volumes of EtOH, held at 0° for 1 hour, and then centrifuged (t e 
phosphate esters precipitate as barium salts and leave free sugars m so u 
tion) The precipitate in each case was treated with a shght excess o 
HiSOi, the BaSOi centnfuged off, and the solution neutralized Ana yses 
were earned out for pentose, fructose, total reducing sugar, inorgamc p os 
phorus, and total phosphorus The recovery of organic phosphorus w 
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92 ± 1 2 pel cent Reconciles of pentose and fructose mere 94 ± 1 2 
and 93 i ± 15 pei cent, lespectuelj’’ These sugars are thus demon- 
stiated to be piesent as pentose phosphate and fiuctose 6-phosphate (not 
hexose diphosphate) -Umost all of the glycogen mas lost in the original 
meicuin tieatment ^\ii\ left mas hj^diolyzed by a 20 minute hydioRsi:- in 
1 N H S 04 as in the phosphoglj cerol tieatment and mould not precipitate 
mith baiium and alcohol Reducing sugar (coirected for fiuctose-6- 
phosphate and pentose phosphate, which give 31 65 and 19 75 pei 
cent of the i eduction of an equal weight of glucose re«pectiveh) can be 
calculated as glucose-6-phosphate (leduction 13 2 per cent of that ot an 
equal weight of glucose) The results of these analyses, coirected back to 


Table I 

inalyaes on Leia-Rapoporl Fraction and Ba Soluble Alcohol-Insoluble Fraction 


Constituent analyzed for 

Le\a Rapoport 
fraction 

Ba soluble alcohol 

1 insoluble fraction 
i purified by Le\ a 
Rapoport method 


mg per cent 

mg per cent 

Total P 

32 0 it 1 3 

32 0 ±13 

Inorganic P 

0 

0 

Pentose 

33 7 ±14 

33 5 ±14 

Fructose 

10 4 ± 0 7 

10 4 ±07 

Total reducing sugar 

29 65 ± 1 0 

30 2 ±11 

Pentose 5 phosphate P 

6 96 ± 0 29 

6 92 ± 0 29 

Fructose 6 phosphate P 

2 96 ± 0 20 

2 96 ± 0 20 

Glucose 6 phosphate P 

15 0 ± 1 9 1 

15 5 ±20 

Phosphoglyccrol Pf 

17 5 ± 1 2 

17 4 ±12 


* Obtained as described by LePage and limbicit (7) 
t With the correction factor 1/0 S62 as used by Leva and Rapoport 


100 per cent for the slight losses incuiied m fractionating, are gi\en m 
Table I for both ongmal fractions 

Esters Interfering in Measurements of Leia-Rapopoil Phosphoglyccrol 
Aliquots of the Leva-Rapopoi t fractions mere combined m proportion m 
order to be able to use the average analyses given eailiei The lesultmg 
solution mas used m the following experiments Puie iibose-5-phosphate, 
fructose 6 phosphate, and glucose-6-phosphate meie piepaied as pre\ iou«ly 
desciibed (7,8) Tests were set upas Lex a and Rapoport describe, con- 
taining portions of the fraction mentioned abox e Otheis m eie set up m ith 
the pure esters added, and xxith the puie esteis onlx kll tests xxere m 
duplicate, and one of the duplicates in each case mas not treated with 
peiiodate These xxeie hxdiolxzed ilong xxith then oxidized duplicates 
to pioxide a collection foi phosphoius hxdiolxzed without periodate oxida- 
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tion The results are given in Table II Each figure is an average of three 
closel> agreeing determinations 

The data m Table II mdicate the extent to which these esters interfere 
with the determination of phosphogl^ cerol, and demonstrate that the 
amount of mterference is the same whether the esters are in pure form or 
m the mixture represented by the Leva-Rapoport fraction Use of these 
data to correct for mterfenng esters reduces the value of 17 5 mg per cent 
of phosphogljmerol phosphorus to 7 31 mg per cent, a reduction of 58 3 per 

Table II 


Hydrolysis of Esters with and without Periodate Oxidation 


'Material used la test 

Pb>dro]> 2 ed 
after penodate 
oxidation 

Ph>drolj*edwitIi 
no previous 
periodate oxidation 

Amount of added 
pure ester 
bvorolyzed and 
detenniaed as 
pbospbOolxcerol 


y 

y 

PtfcaU 

Le\ a Rapoport fraction* j 

Phosphoglyeerolt equivalent to 3l! 

16 9 

1 8 


y organic P 

Leva Rapoport fraction + 20 -y 

26 5 

0 

sss 

fructose 6 phosphate P 

Fructose 6 phosphate equivalent 

33 2 

i 7 

67 0 

to 31 y organic P 

Le\ a Rapoport fraction + 20 y 

25 0 

4 4 

66 5 

riboso-5-phosphate P 

Riboso 3 phosphate equnalcnt to 

31 9 

3 4 

68 1 

31 y orgamc P 

Leva Rapoport fraction + 20 7 

23 1 

2 4 

66 S 

glucose O-phosphate P 

Glucose 6 phosphate equivalent to 

20 S 

2 S 

14 0 

31 y organie P 

5 9 

1 0 

14 2 


• Equivalent to 31 y of organic P 

t Equilibrium mixture of a- and ^ pliospbogljcerol prepared from Eastman 
mixed esters as described by Leva and Rapoport (1) (heated in acid, precipitated 
as the barium salt) 

cent The corrected value (7 31 mg per cent), 'vith the other esters meas 
ured, now accounts for 32 23 mg per cent of phosphorus, or 100 5 per effl 
of that m the fraction The animals exammed were thus found to have 
per cent of the acid extractable phosphorus of the hver present as phosp o- 
glycerol, instead of approximately 25 per cent reported by Leva and Rape- 
port (1) 

DISCUSSION 

The level of phosphoglycerol phosphorus in rat hver found “ ® 

vestigation (uncorrected for mterfenng esters, t e according to the v 
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Rapopoit method) is much lower than that found by Rapoport, Leva, and 
Guest (2) Ho\\e\er, this point should not be stressed, smce Rapoport 
ct al studied a consideiablv laiger group of animals, which may have been 
under different enviionmental conditions The important feature of the 
experiments heie reported is the demonstration that the analytical method 
of Leva and Rapopoit is not specific, and requires correction for three 
mterfermg esters, all of which occui in the phosphoglycerol fraction The 
studies of phosphoglycei ol levels con elated wuth dietary variations, made 
by Rapoport et al (2), thus lose their significance for the present, smce the 
results may be due to ribose-5-phosphate or hexose monophosphates It 
IS not intended that the data presented here be used to make quantitative 
correction of periodate phosphoglycerol measurements, smce the correction 
so overshadows the analytical figure A more specific separation or means 
of determmation of the compound should be sought 

SUMMARY 

The periodate method of Leva and Rapoport (1) for the estimation of 
phosphoglycerol is not specific for this material and is interfered xvith by 
glucose-fi-phosphate, fiuctose-6-phosphate, and nbose-5-phosphate The 
fraction used by Leva and Rapoport for estimation of phosphoglycerol 
contains all three of these materials m significant amounts 

BIBLIOGRAPHY 

1 Leva, E , and Rapoport, S , J Biol Chem , 149, 47 (1943) 

2 Rapoport, S , Leva, E , and Guest, G M , / Biol Chem , 149, 57, 65 (1943) 

3 Meyerhof, 0 , and KiessUng, W , Biochem Z , 283, 83 (1935) 

4 Mejbaum, W , Z physiol Chem , 268, 117 (1939) 

5 Roe, J H , y Biol Chem , 107, 15 (1934) 

6 Fohn, O , and Malmros, H , J Biol Chem , 83, 115 (1929) 

7 LePage, G A , and Umbreit, W W , / Biol CAeni , 147, 263 (1943) 

8 LePage, G A , and Umbreit, W W , / Biol Chem , 148, 255 (1943) 




IMERCAPTURIC ACIDS 


IV THE SYNTHESIS OF p FLUOROPHENYL I CYSTEINE AND ITS 
CONVERSION TO p-FLUOROPHENYLMERCAPTURIC ACID IN 
VITRO AND IN VIVO 

Bt S H ZBYRSIOr \nd LESLIE YOUNG 

{From the Department of Biochemistry, University of Toronto, Toronto, Canada) 

(Received for publication, December 13, 1943) 

The work described in this paper was undertaken m order to prepare the 
way for an in\ estigation of the possibility that fluorobenzene is converted 
to a mercapturic acid in vivo If the metabolism of fluorobenzene is 
analogous to that of othei monohalogenated benzenes (1-3), it is to be 
anticipated that the urine of animals dosed with fluorobenzene iviU con- 
tam p-fluorophenylmercapturic acid This consideration, together mth 
the fact that no descnption of p-fluorophenylmeicapturic acid could be 
found, led the writers to undertake the synthesis of this compound This 
was accomplished bj the use of a method based on that employed by du 
Vigneaud, Wood, and Binkley (4) for the preparation of p-bromophenyl- 
mercapturic acid and also used by the ivriters (5) to prepare phenylraer- 
capturic acid The first stage of the synthesis consisted of the preparation 
of p-fluorophen 3 d-I-cj'steine This compound was obtained by decom- 
posmg the product of the interaction of diazotized p-fluoroanihne and 
cysteme cupious mercaptide The p-fluorophenyl-Z-cysteine nas purified 
and was then converted to p-fluorophenylmercapturic acid by acetylation 
■with acetic anhydride 

The fact that p-bromophenyl-Z-cysteme (4, 6) and phenyl-Z-cysteme (7) 
are converted m the rat to the correspondmg mercapturic acids made it 
appear probable that p-fluoiophenylmercapturic acid is formed m the rat 
following the ingestion of p-fluorophenyl Z-cysteme An investigation 
revealed that this change does occur This was established by the isola- 
tion of the mercaptunc acid from the urine of rats receiving a diet contain- 
ing p fluorophenyl-Z-cysteine 


EXPERIMENT V.1. 

Synthesis of p-Fluorophenyl-l-cystetne — This compound was prepared 
from Z-cystme (Pfanstiehl Chemical Company) and p-fluoroamlme (East- 
man Kodak Company) by the follomng method To a solution of 5 gm 
of Z-cystine m 100 ml of 1 5 N sulfuric acid were added 3 gm of zinc dust 
The mi\ture was heated on a nater bath for 4 hours and small pieces of 
mossy zme nere added at mtenals The mixture nas filtered nhile hot 
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and to the warm filtrate a suspension of cuprous oxide m water i\ as added 
imtd no more of the oxide ivent mto solution and the liquid became blue 
The solution was cooled m an ice bath and to it was added sloivly mth 
stirrmg a diazotized solution of 4 5 gm of freshly distilled p-fluoroanilme 
m dilute sulfuric acid After the mixture had been stirred m the ice bath 
for 45 imnutes, it was heated at 60-70° for 30 mmutes and was then filtered 
The filtrate was exti acted ivith two 50 ml portions of ether and was then 
saturated ivith hydrogen sulfide The precipitate which formed was re 
moved by filtration and washed with small portions of 1 5 N sulfunc 
acid After the combined filtrate and washmgs had been heated under 
reduced pressure to get nd of excess hydrogen sulfide, the solution was 
cooled and made neutral to Congo red by the addition of ammomum 
hydroxide A precipitate which weighed 7 2 gm was obtamed This 
material appeared to contam cystme and attempts to obtam pure 
p-fluorophenyl-Z-cysteme from it by crystalhzation were unsuccessful A 
similar difficulty had been encountered m the preparation of phenyl/ 
cysteme (5) and had been overcome by subjectmg the impure matenal to 
reduction The impure p-fluorophenyl-Z-cysteme was therefore dissolved 
m 150 ml of 2 N hydrochlonc acid and granular tm was added to the solu 
tion The mixture was heated on the water bath for 2 hours, the super 
natant liquid was then decanted, and the lesidue of tm was washed with 
several small portions of water The solution and w ashmgs w ere combined 
and saturated with hydrogen sulfide, filtered, and the excess hydrogen 
sulfide was removed from the filtrate under reduced pressure The solu 
tion was neutrahzed to Congo red by the addition of ammonium hydroxide 
and a white crystalhne precipitate formed After it had been allowed to 
stand overnight m the refrigerator, the precipitate was collected, washed 
with water, and dried in vacuo over phosphorus pentoxide 2 5 gm of 
product were obtamed which gave the foUowmg results when analyzed 

C,H.oO.FNS Calculated C 50 20, H 4 68, N 6 51, S 14 91 
Found “ 49 98, “ 4 86, “ 6 37, 15 16 

The p-fluorophenyl-Z-cysteme decomposed at 180-183° and had a specific 
rotation of [q!]“ = +13° for a 1 per cent solution m 0 1 n sodium hydrox 
ide , 

Conversion of p-Fluorophenyl-l-cysteine to p-Fluorophenylmercapiunc c 
in Vitro — 0 980 gm of p-fluorophenyl-Z-cysteme was dissolved m 
of 1 N sodium hydroxide and the solution was cooled m an ice bat 
ml of acetic anhydride was then added m five portions of 0 2 ml eac 
Each addition of acetic anhydnde was preceded by the addition ° 
of 1 N sodium hydroxide solution The solution was stured 
the process It was then allowed to stand for 10 mmutes, aci i e 
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Congo red by the addition of dilute sulfuric acid, and left in the refrigerator 
for 24 hours The crystalline precipitate which separated was filtered, 
washed ivith water, and dried This material was taken up m hot ethanol 
and centrifuged in order to remove a small amount of insoluble matter 
The supernatant hquid w as poured into warm water and on coolmg a crys- 
talhne precipitate formed which was collected, washed with cold water, 
and dried in vacuo over phosphorus pentoxide 0 986 gm of product was 
obtained and when analyzed it yielded the following results 

CiiHiiOiFNS Calculated C 51 33, H 4 70, N S 45, S 12 47 
Found “ 51 69, “ 4 74, " 5 59, “ 12 66 

The p-fluorophenylmeicaptunc acid melted’ at 158-159°, and for a 1 per 
cent solution m ethanol the specific rotation was [a]*‘ = -20° 

Conversion of p-Fluorophenyl-l cysteine to p-Fluorophenylmercapiunc Acid 
in Vivo — ^Two male white rats each w^eighing about 300 gm were fed the 
stock colony diet to which had been added 2 per cent by weight of p- 
fluorophenyl-Z-cysteme piepared as described above The expenmental 
conditions were similar to those described in an earher paper of the present 
senes (7) The feeding of the diet contaimng p-fluorophenyl-Z-cysteme 
was continued until the rats had mgested 0 900 gm of the compound 
The unne was collected during this penod and for 48 hours after the feed- 
ing of the compound had been stopped The urme (80 ml ) was made 
acid to Congo red by the addition of concentrated hydrochloiic acid and 
w as allowed to stand in the refrigerator overmght It was then extracted 
with three portions of chloroform each of which was equal in volume to that 
of the acidified urme The emulsions which formed durmg the extraction 
process were broken by centnfugmg The combmed chloroform extracts 
were dned over anhydrous sodium sulfate, filtered, and the solvent was 
removed by distillation The crystalhne residue which was obtamed was 
dissolved in a small volume of ethanol, and on addition of water to this 
solution a light browm crystalhne precipitate formed This material was 
dissolved in ethanol, and the solution was decolorized with charcoal and 
filtered The filtrate was evaporated to dryness and the residue was 
cr3rstallized from aqueous ethanol 0 148 gm of material was obtamed 
which melted at 158-159° When the compound was mixed with synthetic 
p-fluorophenylmercapturic acid, m p 158-159°, the melting point was not 
depressed The isolated compound had a specific rotation of [alo* = 
— 20° for a 1 per cent solution in ethanol, and on analysis it yielded the 
followong results 

CuHisOiFNS Calculated C 51 33, H 4 70, N 5 45, S 12 47 
Found “5181, “ 4 93, 5 65, “12 57 


’ All melting points recorded herein are uncorrected 
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The amount of p-fluorophenylmercapturic acid isolated in the above 
expenment was eqmvalent to 14 per cent of the p-fluorophenyl-l-cysteine 
ingested by the rats 

In an experiment similar to that described above a male white rat weigh 
ing250gm consumed 0 200 gm of p-fluorophenyl-hcysteine The amount 
of p-fluorophenyhnercaptunc acid, m p 158-159°, which was isolated from 
the urine was 0 035 gm This corresponded to 15 per cent of the p- 
fluorophenyl-f-cysteine ingested by the rat 

SUMMARY 

1 p-Fluorophenyl-hcysteme has been synthesized and has been con 
verted to p-fluorophenylmercapturic acid by acetylation tn viiro 

2 p-Fiiiorophenylmercapturic acid has been isolated from the unne 
of rats following the administration of p fluoropbenyH-cyateine m the 
diet 

One of us (S H Z ) is indebted to the Banting Research Foundation for a 
peisonal grant 

The microanalyses reported herein were performed by Mr Michael 
Edson 
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THE METABOLISAI OF dJ-METHIONlNE AND Z-CYSTINE IN 
DOGS ON A VERY LOW PROIEIN DIEf 

By LEON L MILLER* 

(From the Department of Pathology, The University of Rochester School of Medicine and 
Dentistry, Rochester, N'ew York) 

(Received for publication, November 19, 1943) 

There has been much mteiest in the iieneficial effect of supplementing 
low protem or non-protein diets wath cystine plus cholme oi with methionine 
in studies on fatt 3 Ineia (1), experimental cirrhosis (2, 3), experimental 
hepatoma (4), and on the detoxication of a vanety of organic compounds 
(5-7) A number of obsen ations have been made of the sulfur and mtro- 
gen metabolism in dogs recening •nngle supplements of cystine (8-10) or 
methionme (11) wath a non-protem diet, but the repealed daily feeding of 
cjstme or methionme has not been studied under similar conditions 

The expenmeuts detailed below reveal that the dog, fed a diet containing 
less than 1 per cent of protein, can utilize extensively the sulfur of i-cystme 
and d(-methionme when fed daily over periods of from 8 to 24 days, more- 
over, when the ammo acid supplement is fed to a dog with undepleted 
protein stoies, there is a maiked conservation of mtrogen manifested by a 
sharp decrease in the urmarv nitrogen output This effect becomes less 
striking as the stores of bodily protem are depleted by continued main- 
tenance on the experimental diet 

The contmued utilization of the sulfur-contammg ammo acid is more 
marked with dl-methionme than wath /-cystine In fact, the total urmarj 
sulfur excreted is consistently less than or approximately equal to the total 
sulfur of the dl-methionme supplement 

Methods 

All dogs used m these expeiiments weie active, healthy adults Thev 
were taken from the ammal house where they were maintained on a diet 
of mixed table scraps and placed in metabolism cages where they received 
only water ad libitum for 3 to G days Followang this, they received ap 
proximately 14 gm per kilo of body weight of a basal diet throughout the 
whole course of the expeiiments The diet consisted of sucrose 72 2 per 
cent. Wesson salt muxture (12) 4 6 per cent, calcium phosphate 4 G per cent, 
Cnsco 14 9 per cent, Mazola oil 6 5 per cent, cod hv'ci oil 1 4 per cent, v east 
powder (Fleischmann’s type 200-B) 0 7 per cent, and powdered hv er ex- 
tract (Lilly, H8083) 0 7 per cent As indicated m Tables I and II, the 

* Lilly Fellow in Pathology and Pharmacology 

603 



604 


METABOr-ISM OF METHIONtNE AND CYSTINE 


Wesson salt nuxture was later made “sulfate-free” by replacing the mag- 
nesium sulfate wth an equal weight of magnesium carbonate To the 
daily diet of each dog were added 25 mg of meotmic acid, and, unless 
othenvise stated, 400 mg of cholme hydrochloride FoUoivmg prehmmary 
basal penods, Z-cystine (Eastman Kodak Company) or df-methiomne 
(Merck and Company') was fed m 1 000 gm (267 mg of sulfur) and 1 250 
gm (268 mg of sulfur) amoimts respectively, as mdieated m Tables I and 
II A smaller ammal. Dog 41-450, received only 0 500 gm of 1-cystme per 
day The ammo acids were thoroughly mixed with the daily diet, and 
eaten completely over the course of the mdmdual experiments lasting 
8 to 24 days 

Levels of plasma protem, which ivere normal at the start of the expen 
ments, were estimated by macro-Kjeldahl determmation on oxalated 
plasma As mamtenance on the very low protein diet contmued, the 
plasma protem dropped, as mdieated m Tables I and II 
The urmes were collected daily and preserved with toluene and refngera- 
tion, and, with the exception of Dog 40-402, each penod of 48 hours was 
terminated by cathetenzation and nnsmg of the bladder with water Total 
urinary mtrogen was determmed by the macro-Kjeldahl method, and urea- 
ammoma mtrogen by aeration after incubation with urease 
Unnary cystme was determmed only on the unne of Dog 40-402, Table 
II, by usmg the isolation procedure of Rossouw and Wilken-Jorden (13) 
and the colorimetric procedure of Lugg (14) 

Urmary morgamc sulfate and ethereal sulfate were determmed by the 
procedure of Folm (15) Ethereal sulfate was estimated only on the unne 
of Dog 40-402, Table II, and, because no significant changes were noted, 
ivas not determmed m the other experiments 
Total urmary sulfur was determined on an aliquot of the unne by the 
wet ashmg method of Masters (16) The term orgamc sulfur m Tables 
I and II refers to the sum of ethereal sulfate sulfur and neutral sulfur The 
orgamc sulfur was obtamed by subtracting morgamc sulfate sulfur from 
total sulfur 


EXPERIMENTAL 

Tables I and II contam the data of the experiments earned out mthout 
mterruption m the dog indicated , 

Table I presents data obtained from tw'o dogs m which the addi ion o 
the dl-methionme was started under different conditions In Dog 
df-metluonme was fed early m the course of the non-protem ba^ ® > 
and here the decrease m the total nitrogen and the urea-ammoma me lo 
is stnkmg m Penods 6 to 15 In Dog 41-542 the feedmg of dl-iae on 

I We are indebted to Merck and Company, Inc , for valuable ammo acids 
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as started after more than 4 weeks on the non-protem basal diet The dog 
IS hypoproteineimc (ivith a plasma protein level of 5 0 gm per cent), and 


Table I 


Mctdbolistn of dl Methionine tn Dog on Very Low Protein Diet 
1 250 gm of dl methiomne (268 mg of sulfur) were fed daily “Sulfate free” salt 
mixture was used throughout in both experiments 


Diet 

Pcijod 

No 

(43 hrs ) 

Total 

N 

Urea NHi N 

Un 

deter 

mined 

N 

Urmary sulfur 

Plasma 

protem 

Inor 

game 

Organic 

Total 



Dog 41-418, 

weight 14 4 kilos 






Sm 

ir» 

per cent 

gm 

mg 

mg 

mg 

gm per cent 

Basal + chohne 

1 

3 13 

2 47 

79 1 

0 66 

168 

63 

221 

Normal 


2 

3 29 

2 57 

78 1 

0 72 

128 

64 

192 



3 


1 84 

73 7 

0 66 

96 

54 

150 



4 

3 24 


74 2 

0 84 

103 

56 

159 



5 

2 49 

1 71 

68 5 

0 78 

129 

73 

202 


Basal +choline 4- 

6 

2 31 

1 57 

68 1 

0 74 

121 

94 

215 


dl methionine 

7 

1 62 

0 80 

49 2 

0 84 

360 

126 

486 



8 

1 61 

0 81 

50 5 

KViU 

415 

114 

529 

4 70 


9 

1 62 

0 82 

51 0 

0 80 

374 

118 

492 



10 

1 47 

0 65 

44 4 

0 82 

330 

129 

459 



11 

1 45 

0 64 

44 5 

0 81 

349 

141 

490 

5 20 


12 

1 60 

0 74 

46 3 

0 86 

371 

144 

515 



13 

1 52 

0 72 

47 7 

0 80 

378 

133 

511 



14 

1 51 

0 69 

45 8 

0 82 

339 

169 

508 

4 95 


16 

Klilil 

0 74 

49 1 

0 76 

347 

154 

501 


Basal + choline 

16 

1 52 

0 76 

49 2 

0 77 

264 

194 

458 



17 

1 05 

0 43 

40 5 


143 

87 

230 



18 

1 21 

0 64 

44 2 

0 67 

91 

68 

169 

5 36 


19 

1 23 

0 55 

44 8 

0 68 

116 

54 

170 



20 

1 30 


46 7 

0 69 

78 

55 

133 


Dog 41-542, weight 12 3 kilos 

Basal 4“ choline 

1 

1 27 

0 72 

56 4 

0 55 

51 

23 

74 

5 00 


2 

1 22 

0 64 

52 5 

0 58 

70 

32 

102 


Basal -p choline 

3 

1 05 

0 59 

56 1 

0 46 

147 

36 

183 


df-methiomne 

4 

1 12 

0 59 

53 0 

0 53 

266 

60 

iii 



6 

1 22 

0 60 

49 1 

0 62 

254 

118 




6 

1 14 

0 56 

49 1 

0 68 

237 

62 

299 



7 

1 17 

0 61 

52 5 

0 55 

215 

121 

336 



8 

1 15 

0 65 

47 6 

0 60 

256 

144 

400 



9 

1 17 

0 69 

50 6 

0 58 

252 

142 

394 


Basal -4- choline 

10 

1 15 

0 61 

S3 0 

0 54 

222 

156 

378 

4 63 


11 

1 07 

0 64 

50 6 

0 53 

103 

113 

216 
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MrTAUOribAr or METHIOMNE and CiSTINE 


the elTect on the toUl nitiogen output is definite but small when compared 
with that seen m Dog 41-418 

In both dogs the output of total urmary sulfui is kss than the metinonm 
sulfur fed, however, the total suIfui output m Dog 41-418 is apparently ap 
preaching a level of “sulfur equilibrium ” In Dog 41-542 sulfur retention 
IS greater and the total sulfur output increases more gradually than m Dog 
41-418, probably because the sulfur stores of the former are more depleted 
In both dogs the organic sulfur output mcreases to a pomt where 18 to 
20 per cent of the fed sulfur appears m this fraction 
Table 11 represents a condensation of data similar to that presented in 
detail in Table I The period numbers refer to the 48 hour periods of the 
actual experiments, however, for economy of space, only the totals for a 
given supplement and the average 24 hour excretions are mdicated This 
does not reveal the transition of some of the mitial penods when the diet 
supplement is changed, but the conclusions one may draw from these 
averages are essentially identical ivith those drawn from the more de 
tailed data 

Table II contains data obtamed from Dog 40-402, and it is at once ap 
parent that the addition of Z-cystme (Penods 5 to 11) to the basal diet plus 
chohne results in a sharp and marked decrease in the average total urinary 
nitrogen, mamly at the expense of the urea ammonia mtrogen fraction 
There is also marked retention of mgested cystme sulfur 
With the addition of df-methionme (Penods 12 to 18) the excretion of 
mtrogen contmues at the previous low level There is some mcrease m 
the total sulfur excreted during these penods, but defimte sulfur retention 
coptmues The mcrease m organic sulfur m this and the other methionine 
feedmg experiments is probably not attnbutable to mcreased output of 
urinary cystine or ethereal sulfate, smee neither of these fractions (which 
were determmed only for the experiments on Dog 40402) shoived any 
sigmficant mcrease Data on the urmary cystine and ethereal sulfate are 
not recorded in Table II 

Although it is not apparent from Table II, when the basal diet without 
cholme is fed (Penods 19 to 23) it is about 4 days before the total su fur 
excretion reaches a basal level agam 
The addition of I cystme (without choline) (Periods 24 to 27) at t ns 
pomt, with a plasma protem of 4 53 gm per cent, causes a slight average 
fall m the total nitrogen output as compared with the initial ® 

the urine became dark and the plasma ictenc The restoration of c o e 
to the diet caused the jaundice to clear and the unne to become g 
color, there was no significant effect on the total unnaiy nitrogen, ® . 
w as contmued retention of tlie cystine sulfur, although the output o o 
sulfui increased somewhat 



Table II 

Mctaholtsm of I Cyslinc, ChohnCf and dl Melhtomnc in Dog on Very Low Protein Diet 
1 000 gm of I-cystmo (267 mg of sulfur) or 1 250 gm of dl metluonine (268 mg of 
sulfur) ^\ero fed daily, except to Dog 41 450 which received 0 500 gm of f cystine 
(134 mg of sulfur) daily 

The figures in parentheses represent the average 24 hour exeretion 


Basal diet supplement 

PeriCKl 

No 

(43 hrs ) 

Total 

N 

Urea + NHj N 

Un 

deter 

mined 

N 

Urinary sulfur 

Plasma 

protein 

Inor 

game 

Organic 

Total 

Dog 40-402, weight 12 0 kilos 



gm 

£171 

per cent 

gm 

mg 

mg 

mg 

gm percent 

Choline 

1-4 

10 29 


68 4 

3 25 

873 

252 

1125 

Normal 




(0 88) 



(109) 

(32) 

(141) 


Choline -f- 

5-11 


5 87 

56 4 

4 53 

2893 

516 

littIBl 


1 cystine 







(37) 

(244) 


dl Methionine 

12-18 

9 95 

5 09 

51 2 

4 86 

3245 

1292 

4537 




kEB 



QIS] 

(232) 

(92) 

(324) 


None 

19-23 

7 98 


50 2 

3 98 



1662 




QEl] 

uXm 





(166) 


1 Cystine 

24-27 

6 02 

3 21 

53 4 

2 81 

1724 

514 

2238 

4 53 







(216) 

(64) 

(280) 


Choline -f 

28-32 



56 9 

3 03 


786 

3287 


Z-cystine 





(0 30) 

(250) 

(79) 

(329) 



Dog 41 542, weight 12 4 kilos 


Choline 

1-2 

8 


H 

151 


m 

151 

■H 

219 

642 

6 24 



(2 


(1 

52) 


(0 

50) 

(106) 

(55) 

(161) 


“ + 

3-9 

16 

89 

m 

56 

62 6 

6 

33 


1225 

4533 


1 eystine 


(1 

21) 

(0 

75) 


m 

46) 

(236) 

(88) 

(324) 


None 

10-14 

13 

19 

9 

57 

72 6 

3 

62 

1142 

578 

mirKim 

5 63 



(1 

32) 

(0 

96) 



36) 

(114) 

(58) 

(172) 


* 

15-17 

7 

till 

5 

Cal 

CTil 

2 

fill 

278 

mmm 

485 

5 39 



(1 

17) 


83) 


(0 

34) 

(46) 

(35) 

(81) 


Choline 

18-21 

7 

77 

5 

19 

66 8 

2 

58 

352 

271 

623 





97) 


65) 


B 

32) 

(44) 

(35) 

(79) 


“ -f- 

22-26 

8 

71 

5 

62 

64 5 

3 

[ilil 

1674 

624 

2298 


1 cystine 



87) 


56) 


(0 

31) 

(167) 

(62) 

(229) 


Choline -)- 

27-30 

6 


3 

86 

56 4 

2 

99 

It'-WtM 

1063 

2283 


dX methionine 



86) 

M 

48) 


(0 

38) 

(153) 

(133) 

(286) 


ChoUue 

31-33 

4 

35 

2 

66 

61 2 

1 

69 

465 

341 

■aiiH 






B 

E!BI 


(0 

29) 

(78) 

(57) 

(135)1 



Dog 41-450, weight 7 8 kilos 


Choline ' 

1-2 

1 2 

95 

1 2 

00 

67 

8^ 

1 0 

95 

175 

113 

288 

5 70 



B 

74) 

B 




B 

24) 

(44)| 

(28) 

(72) 


“ + 

3-11 

9 

18 

4 

16 

45 

3 

5 


1936 

752 

2688 


1 cystine 


B 

51) 

(0 

23) 



B 

28) 

■CEBl 

(42) 

(150) 


Choline 

12-15 

4 

ESI 

1 

74 

42 

4 

2 

36 

263 

251 

514 

5 lOf 



B 

Biilel 

22) 




29) 

(33) 

(31) 

(64) 

! 


* All subsequent experiments in this table were earned out with "sulfate free" 
salt mixture 

t At the start of Period 14 
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METABOLISM OP METHIONINE AND CYSTINE 


Table II also contains data from Dog 41-542, and here again (Penods 
3 to 9) the protem-spanng action of Z-oystme is striking, but, m contrast to 
Dog 40-402 (Penods 5 to 11), there is a considerable mcrease in the organic 
sulfur fraction Smce urmary cystme determinations were not done in 
this or subsequent experiments, the exact nature of this mcrease is not 
known Return to the basal diet without choline results m an mcreased 
total mtrogen output, mamly m the urea-ammoma fraction At this 
pomt (Penod 15) the sulfate-free salt nuxture was started and the total 
sulfur output was almost halved The restoration of chohne to the basal 
diet (Penods 18 to 21) results m a defimte decrease m total mtrogen output 
mth a correspondmg fall m the urea-ammoma fraction The addition of 
Z-cystme (Periods 22 to 26) results m a further average marked decrease 
m the total mtrogen In Penods 22 to 26 less total sulfur is excreted than 
was ingested The change from an Z-cystme to a dZ-methiomne supplement 
(Penods 27 to 30) results m a small nse m the undetermmed mtrogen, as 
sociated ivith a marked rise in the orgamc sulfur fraction, similar to that 
seen m Table I With a return to the basal diet the total mtrogen and 
undetermined mtrogen decrease by an amount which is approximatefy 
equal to that of the fed ammo acid nitrogen (0 12 gm of N per day) 

Fmally, the data from Dog 41-450 agam demonstrate the remarkable 
protem-sparmg action of Z-cystme (plus chohne), ivith a precipitate fall m 
the total mtrogen and the correspondmg decrease in the area ammoma 
fraction As compared mth most of the dZ-methionme p^penments, the 
retention of Z-cystme sulfur is not so marked, assummg a basal total sulfur 
output of 72 mg per day, there is a retention of about 900 mg of sulfur 
during the feedmg penods. Nos 3 to 11, and m the 6rst follow-up basal 
penod. No 12, which is not detailed m Table 11 

DISCUSSION 

The above experiments show that Z-cystme and cZZ-methiomne have a 
de6mte protem-sparmg action when fed to dogs on a very low protem diet 
The extent of the protem-sparmg action vanes with the extent of protem 
depletion When the protem reserve stores are optimal, there is a stnkmg 
conservation of mtrogen, when the reserve stores have been depleted an 
h 3 rpoproteinemia exists, the mtrogen-sparmg action of the sulfur-contai^g 
ammo acids is less marked Furthermoie, this protem-sparmg ac ion 
becomes maximally apparent only after 2 to 4 days on the ammo aci sup 
plement, a fact which may explam Stekol’s failure to observe tto m 
single feedings of Z-cystme (9) and dZ-methiomne (11) In a 
study of mercaptunc acid s 3 mthesis (17) m the dog on a protem- ree > 
Stekol fed Z cystme for 3 consecutive days and dZ-methionme for ^ 
tive days, these feedmgs were started 4 days after the mgestion o ro 
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benzene, and resulted in a marked fall m urinary mtrogen This was in- 
terpreted (17) as showmg “that i-cystme and dl-methionme arrest the 
breakdomi of tissue caused by bromobenzene feeding after the synthesis 
and excretion of p-bromophenylmercaptunc acid have been completed ” It 
seems reasonable that mnch of this fall of urmaiy mtrogen is identical 
w ith the protem-spanng effect of Z-cystme and dZ-methiomne seen above m 
our experiments Nielsen, Gerber, and Corley (8), however, fed a much 
larger single supplement of Z-cystme (5 6 gm ) and noted not only retention 
of the cystme mtrogen but also a decrease m the output of urmary mtrogen 
durmg and after the cystme feedmg penod 

IVhat IS the mechanism of this protem-sparmg action’ It is conceivable 
that dunng penods of protem starvation the organism sacnfices consider- 
able leserve store mtrogen m order to obtam the sulfur-contammg and 
other ammo acids essential for its minim al metabohc requirements and for 
the synthesis of substances ncher m cystme or methionme In the event 
that the body reqmres mcreased amounts of cystme or methionme to 
detoxicate orgamc compounds, it is forced to break down body proteins 
(17) or to restnct its groivth (6, 7), unless mcreased amounts of the ammo 
acids are supphed Experiments recently reported (18) from this labora- 
torj’’ showed that the addition of only Z-cystme to a non-protem diet allowed 
the formation of considerable amounts of plasma protem at the expense of 
reserve stores already extensively depleted 

The suKur metabolism stndies of our experiments indicate that a vanable 
but large proportion of the sulfur requirement m the dog on a very low 
protem diet can be provided by a small daily supplement of Z-cystme or 
dZ-methionme for as long as 24 days <ZZ-Methionme is more effective m 
this respect than Z-cystme In many of the experiments the excretion of 
total urmary sulfur ivas less than or approximately equal to the sulfur of 
the cystme or methionme supplement Because analyses of fecal sulfur 
Mere not performed, it can only be assumed that absorption of the ammo 
acids was quantitatively complete, and that positive sulfur balance or 
sulfur equdibnum existed 

These observations may be of fundamental importance m explammg 
the action of small supplements of methionme or cystme plus chohne m 
preientmg experimental cirrhosis (2, 3), m lowermg the mcidence of ex- 
perimental hepatoma (4), and m preventmg mcreased susceptibihty to 
h\ er poisons (5-7) In a previous report (19) we have presented evidence 
that m the dog with protem stores depleted by protem deprivation the 
liver IS even more markedly depleted of its sulfur stores 

This has led us to the opmion that the effects of protem depletion m 
general and sulfur depletion m particulai may be mterpreted m terms of 
decreased amounts of sulfur-contammg enzjmes or lowered actmtj (or 
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both) lesulting from a deciease m essential sulfh\dnl actuatois siicli 
as glutatinone This is in accoid with Englehaldt^ iiea (20) that cell 
proteins are pnmanly enzjTnes and the recent denionstiation (21) that 
in masiy of the oxidative enzyme s\ stems in\ oh ed in caibohi diate nietab 
ohsm free sidfhydryl groups aio associated i\ith full ictnation Ihiis a 
deficiencj m enzyme sj'stems pioduced bx piotem depletion, oi unctn i 
tion b} toxic agents, especialh xilien fimctional capacitx is alreach ira 
paired bj protem depletion, max be the basis of the inci eased susceptibility 
to hvei damage produced bx piotem depletion with a diet adequate in 
othei essential factors 

Compared xxath the x'ery low piotem diet used m oiii expenments, mam 
of the experiments reported m the hteiatuie on expeiimental curhosis, 
fattx'- livers, etc , haxe been earned out wath diets contammg at least o 
pel cent piotem, usuall 3 '- casein Tlie piotem-sparmg action of cystme and 
methionine probably'' would be exen moie marked m such diets, m that 
mtrogen balances probably would be more fax oi able Lewis (22) lia* 
demonstrated just such an effect when a diet contammg casein and beef 
heait was supplemented with small amounts of Icxstmo, r /1 methionine 
has been shoxxoi to be cqualh effectixe (17, 23) 

The large increase m organic sulfm of the urine xxhich was consistcnth 
noted above when dhmethionme was fed. and winch was also seen m some 
of the l-cystine expenments, is of mterest, since the etliineal sulfui and 
unnaiy cystmc sulfur accounted for only an msigmilcani amount of the 
mcrease Stekol noted an mciease m neutral sulfur m onlj one of his 
methiomne single feedmg expenments (11) Virtue and Lewis (24) have 
desciibed a siinilai increase while admmistermg dl-methionme to rabbits 
on an adequate diet Since m the case of dhmethionme feeding the extra 
urmary organic sulfur amounted to as much as 30 to 40 per cent of t e 
methiomne sulfur fed, it should be possible to isolate this matenal from 
the dog’s unne 

In one expenment on Dog 41-542, the wathdrawal of choline from t e 
basal diet led to an mcrease in the output of total urmary mtrogen s 
effect was reveraed by the restoration of cholme and suggests that m e 
absence of an adequate dietary source of labile methyl groups the oigamsra 
w ill sacnfice body protem in attempting to meet its minimal requiremen 

SOiXIXLXIlX 

1 In dogs mam tamed on a x eiT low piotem diet, both dZ-metluomne ai 
Z-cystine have a marked piotem-sparmg action wluch becomes ess s n 

as reserve stores of piotem become depleted , ^ 

2 A small dailj'' supplement of dZ-methionme or I cystine can prov ^ 
vanable but large proportion of the sulfur requirement m dogs on a 
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low protein diet for as long a period as 24 days dZ-Methionine is more 
effective in this respect than I eastine In fact, the total unnaiv sulfur 
excretion ivith dZ-methionme feeding does not exceed the total sulfur of the 
amino acid supplement 

3 In some of the Z-cystme experiments and m all of the cZZ-methionme 
experiments, there was a large mcrease m the urmary organic sulfur fraction 
equivalent to 15 to 40 per cent of the fed ammo acid sulfur The exact 
nature of tins oiganic sulfur fraction of urine is not yet known 

4 In a smgle experiment the addition of chohne to the basal diet very 
low m protem had a definite, though small, protem-sparmg action 
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AN IRON-PROTEIN COMPLEX OBTAINED FROM LIVER 

By B LIBET \nd K a C ELLIOTT 
{From the Institute of the Pennsylvania Hospital, Philadelphia) 

(Received for publication, November 4, 1943) 

A protein called “femtm” which contains 20 to 24 per cent of iron was 
descnbed by Laufberger (1) and Kuhn et al (2) and has recently been 
closely studied by Granick el al (3, 4) This matenal, which crystalhzes 
readily in the presence of cadmium sulfate, is usually prepared from horse 
spleen, though it is obtamable, m smaller amounts, from other tissues 
Preparations containing a different iron-protem complex have now been 
obtamed, by a very simple procedure, from hvers of all animals tested 
(rat, rabbit, gumea pig, pig, beef) but not m appreciable amounts from 
spleen or bram We have no evidence to show that the iron-protem com- 
plex m our preparations is a smgle and specific chermcal compound but for 
convemence the matenal will be referred to as “femn ” In the accom- 
panying paper (5) it is shown that femn behaves m the same way as iron 
salts m the catalysis of phosphohpid oxidation In the study of that 
catalysis, femn has the advantage over iron salts m bemg soluble m neutral 
solution Possibly femn could take the place of iron salts m other iron- 
catalyzed reactions 

Fresh hver was homogemzed with 2 volumes of water, by use of a 
mechamcal nuxer, and the suspension was heated m a water bath to 90°, 
stramed through gauze, and the hquid filtered Sufficient 3 N HCl was 
added to brmg the pH to about 2 5 and the precipitate which formed was 
centrifuged down, washed with water, and dned tn vacuo From 1 kilo of 
pig hver, 2 2 gm of a reddish brown acid precipitate were obtamed which 
contamed 6 3 per cent of iron ‘ (Adjustmg the pH of the hver extract to 
4 6, instead of 2 5, gave a smaller yield of precipitate, 1 1 gm per kilo, with 
a shghtly higher iron content, 8 1 per cent ) 

Partial purification of the iron-protem was obtamed as follows 500 mg 
of the acid precipitate were dissolved m 25 cc of water, sufficient dilute 
NaOH bemg added to give a clear neutral solution To this, 1 7 gm of 
ammomum sulfate were added, and the pH brought back to 7 1 ivith drops 
of NaOH solution The precipitate which formed uas centrifuged down 

' Iron was determined by the method of Gramck (3) except that the digestion was 
done by heating for an hour ivith 1 5 cc of 70 per cent perchloric acid, then adding 
0 5 cc of 30 per cent hydrogen peroxide, and heating a further 20 minutes Sharp 
end points were always obtained in the subsequent permanganate titration, whereas 
very indefimte end points were obtained after digestion with sulfuric and nitric acids 
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and redissolved m 25 cc of nater mth a little NaOH The solution was 
dialyzed for 4 days against running distilled water The fernn precipitated 
toward the end of the dialysis, probably as a result of the shght acidity of 
the distilled water (pH about 5 5) The supernatant fluid was centrifuged 
off and the precipitate dried vacuo 141 mg of material containing 15 7 
per cent of iron were obtamed 

The acid precipitate, or purified feirm, is almost insoluble m water but 
dissolves readily on the addition of sufficient altah to bring the pH to 8 or 
9 and remains m solution when the pH is brought back as low as 67 
The matenal gives positive biuret, xanthoproteic, Hopkins-Cole, and Mil- 
lon tests for protem Strong solutions are colored a deep brown, dilute 
solutions, 0 5 mg per cc , are brownish yellow Viewed through a hand 
spectroscope, the solutions show no absorption bands, and treatment with 
alkah, pyndine, and hydrosulfite produces no hemochromogen bands 
Treatment with 0 3 N HCi and ferrocyanide or thioc}'anate gives a strong 
reaction for iron The iron appears to be m the feme state, smee potassium 
ferncyamde or a,a'-bipyndme and dilute acid, air bemg excluded, give no 
color, only after reduction with hjdrosulfite does the test become positue 
When fernn is treated with strong HCI, a j ellow' solution is obtamed, if this 
solution IS gradually neutralized and made alkaline, protem precipitates out 
and then redissolves, leavmg a precipitate of feme hydroxide Evidently 
treatment ivith strong acid irreversibly destroys the abihty of the piotem 
to combme wnth non Fernn may be dissolved in strong NaOH solution 
without suffermg any apparent change 

Fernn resembles femtm m being a protem containmg large amounts of 
iron which can be separated from the protem by treatment ivith acid but 
not by dialysis from neutral solution It differs from ferntm m several 
respects On addition of cadmium sulfate to fernn solutions, no crystals 
weie formed but merely a large amorphous precipitate Fernn was pre- 
cipitated by a low er concentration of ammomum sulfate than is femtm 
Little or no acid precipitate was foimed from horse spleen extract, heated 
to 80°, w'hich IS the nchest source of ferntm As is show n in the accom- 
panymg paper, the non m fernn is more active than the iron m ferntm m 
the catalysis of phospholipid oxidation 

Smee heat is mvolved in its preparation, it is possible that fernn is a 
denatured product Attempts to obtam preparations by methods not 
involving heat coagulation of other tissue proteins have not yet been suc- 
cessful Whether or not fernn is a denatured product, it is a substance o 
interest m view of its high, catalytically active, iron content and as a onn 
in w hich large amounts of iron may be held m neutral or alkalme solution 
when lomzable iron is almost completely precipitated Bruckmann an 
Zondek (6) found the content of non-hemm iroif of dry human, mt, an 
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calf L\ ers, to be about 98, 69, and 35 mg pei 100 gm of drj" tissue respec- 
tively The yield of iron m the acid precipitate was about 48 mg per 100 
gm of dry pig hver It seems piobable that much of thenon-heminiion 
m hver is normally present in some foim of combination mth protein 
either as ferrm or as a substance n hich is changed to fernn by heat 

SUIIMARV 

An iron-protem complex, soluble m neutral or alkaline solution, has been 
obtamed from hver Partially purified, the matenal contains 15 7 per 
cent of iron 
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OXIDA.TION OF PHOSPHOLIPID CATALYZED BY IRON 
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Thunberg (1) found that traces of iron salts accelerated the oxygen up- 
take of emulsions of phosphohpid preparations Warburg (2) found that 
iron salts stimulate the respiration of “granular suspensions” of sea urchm 
eggs and promote oxygen uptake by commercial egg lecithm and hnoleme 
acid Maximum rates were obtamed m weakly acid solutions More 
recently Panimon, Horwitt, and Gerard (3) have shown that feme and 
ferrous salts mcrease the rate of oxygen uptake of suspensions of bram and 
other tissues and they coneluded that phosphohpids, and also protems, 
were oxidized Deutsch, Khne, and Rusch (4) have found that, m the 
presence of ascorbic acid at pH 4, hver phosphohpid takes up oxygen at a 
considerable rate 

We have confirmed the findin gs of Pammon et al and Deutsch et al 
but have found that aseorbic aeid and very small amounts of iron together 
cause a very great aeceleration of the oxygen uptake of bram and hver sus- 
pensions and of phosphohpid at neutral pH The kmetics of the oxidation 
of the iron-aseorbic acid-phosphohpid system are pecuhar and the system 
IS affeeted by several substances of physiological mterest 

For many of the experiments reported, the iron added was m the form of 
the iron-protem complex obtamed from hver which was desenbed m the 
precedmg paper (5) and is referred to as ferrm Femn iron behaved m 
general m the same way as iron salts but had the advantage of bemg 
soluble in neutral solution 


Methods 

Oxygen uptake was measured mth Barcroft differential manometers at 
38° The gas space contamed an and the total volume of hquid nas 3 cc 
Neutralized aseorbic acid and iron solutions were added from side bulbs 
Smee the oxidation of ascorbic acid is strongly catalyzed by traces of copper 
(6), all solutions were made up m, and glassware rinsed noth, nater nhich 
had been twice redistiUed m all-glass apparatus For most experiments 
this precaution may not have been necessary, smee both ferrm and the 
phosphohpid strongly inhibited the catalytic effect of added copper salt on 
ascorbic acid oxidation 

Tissues and lipids were homogemzed, by means of the apparatus of Potter 
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and Elvehjem (7), in sodium phosphate buffei, m/CO for tissues, m/30 for 
hpids, usually at pH 7 0 Fatty acids Mere reduced to quite stable emul- 
sions by adding buffer and about an equivalent of NaOH solution and then 
sufBcient HCl solution to return the pH to 7 0 Iron salts, sohd ferrous 
ammonium sulfate and a standard solution of feme chlonde, a ere added to 
large volumes of buffer solution and the pH adjusted mth drops of 0 5 k 
N aOH In this i\ay iron salt suspensions which settled slowly were ob- 
tamed All suspensions were freshly prepared for each expenment 

For expenmenta with the iron-protein complex, the crude “acid pre 
cipitate” desenbed m the precedmg paper, containmg 6 3 per cent of iron, 
was used This was dissolved m phosphate buffer ivith the aid of a little 
NaOH and the pH was then adjusted wnth HCl 

Effects of Ascorbic Acid and Iron on Tissue Suspensions — As is shown in 
Fig i, the addition of ascorbic acid to hjiiotomc bram suspension caused 
the mitial respiration rate to be mamtamed better The addition of as 
corbic acid (0 001 m) and iron (5 micromoles m 3 cc ) produced a veiy large 
acceleration of the imtial rate of respiration, though the effect fell off rapidly 
Iron alone caused a smaller but appreciable mitial stimulation The effect 
of iron alone probably depends on the ascorbic acid present m the tissue 
Bessey and ICmg (8) found about 0 36 mg of ascorbic acid per gm of rat 
bram, which would be sufBcient to produce the observed activity of added 
iron With well washed bram suspension, the effect of iron without as 
corbic acid practically disappeared but became fully apparent on addition 
of ascorbic acid Bat hver suspensions behaved very similarly to brain 
suspensions 

Brain tissue suspensions which, had been heated to 100° for 15 minutes 
behaved similarly to washed suspensions Acetone-dned bram retained 
its activity but, after exhaustive extraction with benzene or alcohol and 
ether, iron and ascorbic acid had httle or no effect, mdicatmg the hpid 
nature of the oxidizable matenal 

With bram suspensions prepared m isotomc medium the respiration rate 
is much greater than ivith hypotomc suspensions (9) and added 
acid alone had almost no effect When iron and ascorbic acid were ad e , 
the usual large imtial acceleration of oxygen uptake occurred, but a r 
about 90 mmutes the rate fell off to well below’ the control value (Fig / 
Evidently the iron-catalyzed oxidation results m destruction of struc res 
or compounds upon which the normal respiration depends 

The effects of ferrous and ferae iron and the iron-protem comp , 
CTmiliw The extra oxygen uptake caused by iron compounds was no 
accompamed by mcreased COj evolution ^ j 

Mixed Brain Phospholtpid—Uosb of this work has been done on pura 
mixed phosphohpids prepared from beef bram accordmg to C arga 
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(10) The matcrul, \\hen fieshh prepared, uas almost puie iihite It 
Mas stored m caacuatcd bottles m the refrigerator and anj which became 
maikcdlj, yellow, as a result ot lepeated exposure to air, was discarded 
The oxjgen uptake by emulsions of this material without additions was 
almost imperceptible Addition of ascorbic acid alone caused an appre- 
ciable oxygen uptake Addition of small amounts of iron alone had no 
effect But iron and ascoibic acid together caused a very rapid mitial 
ox\gen uptake The rate fell off steaddy, tending toward a total uptake 
which depended upon the concentiations of the components of the system 
No CO 2 was evolved 



weight of tissue, 300 mg , ascorbic acid, 0 001 m, feme salt, 5 micromoles (0 0017 a), 
crude fernn, 5 mg (0 0018 it ferrin iron) , pH 7 0 

Fig 2 Effects of iron and ascorbic acid on isotonic brain suspension containing 
glucose Same additions as in Fig 1 

In phosphate buffer solution the activity of the system mcreased consider- 
ably with mcreasmg hydrogen ion concentration The cun'es shown in 
Fig 3 were obtained wath iron added as femn which was completely m 
solution except at pH 6 In acetate buffer at pH 4 7, ascorbic acid, 0 003 
M, alone gave a more rapid oxygen uptake than at pH 7, and feme salt 
(1 micromole of suspension m 3 cc ) gave a very slow uptake Ferrous salt 
(1 micromole of suspension in 3 cc ) gave an oxygen uptake which was not 
affected by the presence or absence of ascorbic acid, the uptake contmued 
for a long time but followed an erratic course and the mitial rate was ac- 
tually lower than ivith ascorbic acid alone The erratic course of the up- 
take and the inhibition of the effect of ascorbic acid are probably connected 
wnth the formation of a clumpy precipitate some tune after the iron suspen- 
sion and phosphohpid emulsion are mixed In 0 1 n HCl at pH 1 3, the 
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phospholipid was largely precipitated and the effect of ascorbic acid alone 
was decreased again Ferrous salt, ivith or mthout ascorbic acid, caused a 
rapid but still erratic oxygen uptake 
It seems that ferrous iron is the active catalyst At pH 7 or higher, 
ferrous salt alone is quickly oxidized but the presence of ascorbic acid prob 
ably keeps the iron m the reduced, active state At acid pH values, fer 
rous iron is not readily oxidized by oxygen, so that ascorbic acid is not 
needed, feme iron, howevei, has to be reduced before it becomes active 
With constant amounts of ascorbic acid and iron, the rate, and total 
amount, of oxygen uptake mcreased on mcrease of the phosphohpid concen 
tration from 9 to 60 mg in 3 cc , though not quite proportionately The 
imtial rate was mcreased about 15 per cent by substitutmg oxygen for air 



Fig 3 Effect of pH Phospholipid, 30 mg Continuous lines, expemnents wid* 
ascorbic acid, 0 002 m, plus crude fernn, 0 3 mg (1 1 X 10“* m fernn iron), broken 
hnes, with ascorbic acid alone The solutions were adjusted to the pH values shown, 
with a glass electrode 

Fig 4 Effects of ascorbic acid concentration Phospholipid 30 mg , ascor le 
acid concentrations as shown Continuous lines, with 5 mg of crude fernn (0 0018 u 
fernn iron) , broken hnes, no added iron pH 7 0 


Increasmg low concentrations of ascorbic acid mcreased the mitial rate 
and total amount of oxygen uptake towards a maximum but further m 
crease m ascorbic acid concentration resulted m inhibition or early falling 
off of the rate (Fig 4) A lower concentration of ascorbic acid was re 
quired to produce inhibition if the iron concentration was raised With one 
preparation of phosphohpid, the optimum ascorbic acid concentration^^ 
about 0 004 m m the presence of 0 3 mg of crude fernn m 3 cc (10 
fernn iron) and about 0 003 M with 5 mg of crude ferrm m 3 cc J ^ 

another preparation the optimum ascorbic acid, concentration was owe , 
0 0015 M with 5 mg of ferrm , 

The mitial rate and the total amount of oxygen uptake mcrea^ 
mcreasmg low iron concentrations towards a maximum at about mi 
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mole of iron m 3 cc (Fig 5), and mtli amounts above 5 micromoles the 
rate fell off early, just as vith high concentrations of ascorbic acid At all 
concentrations less than the optimal, appro\imately half the total oxygen 
uptake occurred in the first 30 minutes 
The tendency to reach a maximum oxygen uptake cannot be asenbed to 
exhaustion of phosphohpid, smee different maxima were reached with differ- 
ent amounts of iron Nor can it be accounted for by destruction of 
ascorbic acid, smee excess of this mduced earher mhibition It seems hkely 
that an inhibitor must be produced by the reaction and accumulate with 
time 



Fia 5 Effects of iron concentration Phospholipid 30 mg , ascorbic acid, 0 003 m, 
pH 7 0 (1 mg of crude fernn in 3 cc makes 3 7 X 10“* ii ferrin iron ) 

Fiq 6 Effects of iron and ascorbic acid on unsaturated fatty acids Contmuous 
hues, hnolemc acid, 40 mg , broken lines, linoleic acid, 40 mg Ascorbic acid, 0 003 M, 
ferric salt, 1 micromole (3 3 X 10~* M Fe), crude fernn, 1 mg (3 7 X 10“‘ m femn 
iron), pH 7 0 

With bram tissue suspensions, similar inhibitory effects of excess ascorbic 
acid (above 0 003 m) and iron (above 10 mg of femn m 3 cc ) were observed 
Other Lipid Preparations — Mixed phosphohpid was prepared from pig 
hver by the same method as the bram phosphohpid, it was mitially quite 
yellow With ascorbic acid alone at pH 7, it took up oxygen much more 
rapidly than did bram phosphohpid but the rate and amount of oxygen 
uptake were still mcreased by the further addition of iron 

Of the bram phosphohpids, cephahn was the only fraction which be- 
haved like the mixed phosphohpid preparation Cephahn vas prepared 
from beef bram accordmg to the method of Folch and Schneider (11) 
Beef bram lecithm, prepared through the cadmium compound by the 
procedure given m Hawk and Bergeim (12), was quite mactive The 
inactivity was not due to inhibition by traces of cadmium, smee less than 
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10"* M cadmium could be detected m the emulsion by the duutrophenyi- 
carbazide test (13), ivhereas 10"* m cadnuum added gave a strong test but 
less than 30 per cent mhibition mth nuxed phosphohpid A preparation 
which presumably contamed sphmgomyehn was almost inactive To 
obtam this matenal a concentrated petroleum ether e\tract from acctone- 
and alcohol-extracted beef bram was treated with 5 volumes of absolute 
alcohol and the precipitate was dissolved m ether On standmg m the 
refngerator, a precipitate appeared which should consist of sphmgomyehn 
and some cerebroside The precipitate vas ashed ivith ether, alcohol, 
and ether and dned m vacuo 

A preparation of cerebrosides \% as also mactive To obtam this matenal, 
beef bram, after extraction with acetone and petroleum ether, was extracted 
with hot pyndme The pyndme extract was poured mto 4 volumes of 
acetone and the white precipitate was crystalhzed three times from alcohol 
chloroform mixture and dned tn vacuo Cholesterol, glycerol, and steanc 
and oleic acids were also inactive 

Lmoleic and hnolemc acids (both obtamed from A D Mackay, New 
York) gave appreciable oxygen uptake with ascorbic acid alone, and on 
addition of femn or iron salts with ascorbic acid the rate increased consider- 
ably, but it w'as not nearly as high as durmg the imtial penod mth phospho- 
hpid (Fig 6) 

Specificity of Ascorhc Acid Activity — Though the activity of ascorbic 
acid m potentiatmg the oxygen uptake of phosphohpid mth iron at neutral 
pH IS presumably connected with its reducmg property, we have not been 
able to obtam any appreciable effect with eqmvalent amounts of cysteme, 
glutathione, hydroqumone, epmephrme, or sulfite Sulfite rapidly took 
up just the amount of oxygen required to produce sulfate, even m the ab- 
sence of iron Cysteme took up rapidly about tivice the amount of oxygen 
required to produce cystme, w'hether iron was present or not * 

It seems possible that its action as a cocatalyst of the oxidation of 
phosphohpid matenal may be a specific actmty of ascorbic acid m bio- 
logical systems 

Actmty of Iron in Different Forms — In order to compare, approximately, 
the activity of iron m different forms, expenments were run ivith equa 
samples of the same solutions of phosphohpid and ascorbic acid to which 
were added, m different manometer flasks, 0, 0 1, and 0 5 mg of a standar 
ferrm preparation and two different amounts of the unknowm w'hich wou 
not exceed the activity of the highei standard The uptakes of the stan 

> In the absence of phosphohpid or iron, cysteine oxidation alone is very slow and 
in the presence of iron alone not more than the theoretical uptake to produce cjs 
occurs Evidently phospholipid and cjsteine or cystine interact in some 
known way 
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avds in 30 minutes Mere plotted against the amount of standard as m Fig 5 
The amounts of standard corresponding to the uptakes of the unknowns 
at 30 minutes u ere read from the standard curve 

Per umt weight of iron, the activities of solutions of different prepara- 
tions of crude fernn and of suspensions of morganic feme and ferrous salts 
were about equal But m general there was no correlation betiveen iron 
content and activity of different iron-protein preparations except that 
preparations contaimng no iron showed no activity If 100 is taken as the 
activity per umt w eight of iron in crude femn (the precipitate at pH 2 5 
from heated liver extract), the activities pei umt weight of iron m two 
preparations of purified fernn, contaimng 12 4 and 15 7 per cent of iron, 
were respectively 7 1 and 50 The preparation contaimng 15 7 per cent of 
iron IS desenbed m the preceding paper (5), the other preparation was 
obtained similarlj but without ammomum sulfate precipitation A 
precipitate, obtained bj adjusting heated bver extract to pH 4 6, con- 
tained 8 1 per cent of iron and its actmty per umt weight of iron w as 20 
Cadmium-free ferntm, contaimng 17 6 per cent of iron, and thnee crystal- 
hzed cadmium femtm, contaimng 19 2 per cent of iron, showed actmties 
per umt weight of iron of only 11 and 9 These materials were prepared 
from horse spleen accordmg to GramcL (14), both preparations were 
thoroughly dialyzed and the solutions were dried from the frozen state 
On addition of 30 gm of ammomum sulfate per 100 cc to heated hver 
extract, the iron-protem was aU precipitated, saturation of the mother 
hquor with ammomum sulfate gave a precipitate contaimng no iron and 
showing no activity The precipitate obtamed at pH 2 5 from heated 
bram extract contamed practically no iron and showed no activity 

Potassium fern- and ferrocyamde were mactive Cytochrome c 
preparations, 0 5 to 1 0 mg m 3 cc , were mactive, while hemm, 0 3 to 1 mg 
(1 5 to 5 X 10“^ m), and mcotme hemochromogen (10“* m hemm plus 0 05 m 
mcotme neutralized) inhibited the uptake which occurred with phospho- 
hpid and ascorbic acid alone Small amounts of hemoglobm (cytolyzed 
human red cells and dned dog hemoglobm) behaved very much like fernn 
or iron salts but were very much more active per umt weight of iron ^ But 
there was a slight lag before the full effect of hemoglobm was evident and, 
after experiments with small amounts of hemoglobm, spectroscopic ex- 
ammation of vessel fluids treated wnth alkah, pyndme, and hydrosulfite 
showed no, or much reduced, hemochromogen bands mdicatmg destruction 
of the heme nucleus Further, mcreasmg the amount of hemoglobm m 
the 3 cc of emulsion from 0 1 to 0 5 mg caused a relatively small mcrease 

• Lemberg et al ( 15 ) found that oxyhemoglobin with ascorbic acid took up oxygen 
with the formation of choleglobin and dehydroascorbic acid This oxygen uptake 
did not occur appreciably under our conditions 
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m uptake late and 6 mg had the same effect as 50 mg It is therefore 
lirobable that the actual catalyst was a breakdmvn product of hemoglobin 
Ininbilois and Accekratois — ^The oxygen uptake by phosphohpid plus 
ascorbic acid alone r\as appreciably inhibited by cyamde But 001 h 
cjmmde (neutralized) caused only a slight decrease m the imtial oxygen 
uptake rate of phosphohpid plus ascoibic acid plus iron salt or ferrm (Fig 
7), or hemoglobm, the late was better maintamed and a greater total up 
take occuiied Cyamde is commonly regarded as a general mhibitor of 
oxidations catalyzed bj' iron and the present system is therefore unusual 
The effect of iron and ascorbic acid on tissue suspensions or purified 
phosphohpid nas almost completely inhibited by lO'’ m epmephrme, less 
completely by tyramine and 3,4-dihy droxyphenylalamne Catechol and 



Fig 7 Effect of cyamde Phospholipid 30 mg , ascorbic acid, 0 002 ji, feme salt. 
0 24 micromoles (0 8 X 10"‘ ji) , crude ferrm, 0 5 mg (1 8 X 10'‘ ai ferrm iron), pH 7 4 
Continuous lines, without cyanide, broken lines, with 0 01 it cyanide 

Fig 8 Effect of histidine n ith ascorbic acid and iron on brain suspension Tis 
sue, 200 mg , ascorbic acid, 0 001 \i, crude ferrm, 5 mg (0 0018 m ferrm iron), l(-) 
histidme, 0 01 M, pH 7 0 

hydroqumone -nere also stiongly mhibitoiy and phenol had an appreciable 
effect Phenylpyruvic acid nas also strongly inhibitory 
Neutralized horse or rat seium, 1 2 cc m 3 cc total, had httle effect on 
the uptake of bram tissue oi purified phosphohpid xvith ascorbic acid alone 
but it almost completely inhibited the effect of added iron The effect 
could be largely accounted for as inhibition by calcium Calcium chlonde, 
0 0013 XI, inhibited the effect of iron about 90 per cent Magnesium chlo 
nde m the same concentration inhibited only about 20 per cent Solu e 
protein also inhibited considerably^ Gelatin and egg albumin, 10 mg per 
cc , inhibited about 25 and 45 per cent lespectively 
With bram suspensions, 0 01 xi histidine increased the effect of a 
ascorbic acid and mcreased still moie the imtial effect of ascorbic aci P us 
iron, though the uptake rate fell off eailiei (Fig 8) Similar but ess pro 
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Bounced effects were obtained with a number of other d- and Z-amino 
acids With punfied pliospiiohpid, histidine increased the effect of ascorbic 
acid added alone Howerer, theie was no stimulation of the imtial effect 
of ascorbic acid plus iron on punfied pliosphohpid, though the early fall 
m oxygen uptake was marked 


DISCUSSION 

The abo\e work suggests that inorgamc iron or soluble iron-protein 
compounds, togethei with ascoibic acid, may play a part m the metab- 
olism of lipid matenal and may also have significant effects on perme- 
abihty and other functions of nervous tissue and cell surfaces smce phos- 
phohpids are promment constituents of these The sensitivity of the 
oxidizmg system to epmephnne, calcium, and certam ammo acids may be 
a clue to some of the specific actions of these substances However, it will 
be difficult to brmg the observations mto clear relation wath othei fields 
of biochemistry until information concemmg the pioducts of the oxidation 
and the mechanism of the mteraction of the components of the system is 
available 

It should be pomted out that heated hver extract is the source of the 
iron-protem complex referred to as femn and, as commonly prepared, 
w ould contain at least 1 mg of ferrm per cc Addition of such extracts to 
respirmg tissue suspensions produces considerable acceleration of respira- 
tion follow ed by uffnbition (9), just as iron does even without added as- 
corbic acid It IS probable that some of the results of various workers 
who have added heated tissue extracts as sources of mixed coenzymes may 
be comphcated by the effects of ferrm ’ 

SUMMARY 

1 The respiration of tissue suspensions of bram or hver is stimulated 
for 30 to 40 nunutes by the addition of small amounts of iron or iron-pro- 
tem complex This stimulation is greatly mcreased by the addition of 
ascorbic acid Ascorbic acid alone causes the respiration of hypotomc 
tissue suspensions to be better mamtamed but has no effect on isotomc 
suspensions 

2 With punfied mixed phosphohpid from bram or hver at neutral pH, 
ascorbic acid causes some oxygen uptake Ascorbic acid plus non com- 

* In fact, iron impurities in various materials added in evpenments on tissue 
respiration can lead to erroneous conclusions For instance, stimulation of brain 
respiration by iron impurity in several glycogen preparations led us ( 16 ) previously 
to report erroneously ( 17 ) that glycogen w as readily oxidized by brain tissue through 
a system different from that for glucose Glycogen may be freed of the impurity by 
precipitation, once or twice, with alcohol from solution mix hjdrochlonc acid 
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pound causes veij lapid initial oxidation, the rate falling off with time 
The activity of the sj stem varies in a complex manner with vaiying con- 
centiations of the components 

3 Of brain phosphohpids, only the cephalin fraction undergoes oxidation 
with non and ascorbic acid Lmoleic and linolemc acids are oxidized but 
more slowly than nuxed phosphohpid or cephahn 

4 No other reducmg agent tried was able to replace ascorbic acid in the 
system 

5 The effects of different iron-protem preparations are not proportional 
to their iron content Ferntm is less active than fernn Hemoglobin m 
small amounts is destioyed by phosphohpid and ascorbic acid, giving nse 
to an active cataljst of the oxidation Cytochiome c and heniin are 
mactive 

6 Cyamde causes little inhibition of, and maintains for a longer time, 
the effects of iron and ascorbic acid Epinephiine and other phenols are 
strongly inhibitorj’’ Serum is strongly inhibitory, its effect may be largely 
accounted for by inhibitory effects of calcium and of protein Some ammo 
acids, especially histidine, have marked stimulatory and subsequent m 
hibitorv effects on the system 

BIBLIOGILVPHY 

1 Thuaberg, T , SKand Arch Physiol , 24, 90 (IDIO) 

2 Warburg, O , Z Tshysiol Chcm , 85, 412 (1913), 92, 231 (1914) 

3 Pamraon, F , Horwitt, M IC , and Gerard, R W , J Cell and Comp Physiol , 

17, 1 (1941) 

4 Deutach, H F , Kline, B D , and Busch, HP,/ Biol Chem , 141, 529 (1941) 

5 Libet, B , and Elliott, K A C , / Btol Chem , 162, 613 (1944) 

6 Szent Gyorgyi, A , Biochem J , 22 1387 (1928) Barron, B S G , DeMeio, R 

H , and Klemperer, F , J Biol Chem , 112 625 (1935-36) 

7 Potter, V R , and Elvehjem, C A, J Biol Chem , 114, 495 (1936) 

8 Bessey, 0 A , and King, C G,J Btol Chem , 103, 687 (1933) 

9 Elhott, K A C , and Libet, B , J Biol Chem , 143, 227 (1942) 

10 Chargaff, E , and Ziff, M , J Btol Chem , 140, 927 (1941) Chargaff, B , Ziff, M , 

and Kittenberg, D , J Biol Chem , 144, 343 (1942) 

11 Foloh, J , and Schneider, HA,/ Btol Chem , 137, 51 (1941) 

12 Hawk, P B , and Bergeira, O , Practical physiological chemistry, Philadelp a, 

11th edition, 238 (1937) 

13 Feigl, F , Spot testa, Now York, 2nd English edition, 49 (1939) 

14 Granick, S , / Btol CTem , 146, 451 (1942) nei noiQl 

15 Lemberg, R , Legge, J W , and Lockwood, W H , Biochem / , 33> <54 1 

16 Elliott, K A C , and Libet, B , / Btol Chem , 136, 797 (1940) 

17 Libet, B , and Elliott, K A C , Federation Proc , 1, pt 2, 122 ' 

K 4. C , Scott, D B McN , and Libet B , / Btol Chem , 145, 251 (1942J 



V BLUE CHROMOPROTEIX FOUND IN THE EGGS OF THE 
GOOSE-B VRX VCLE 
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Chemistry, the Johns Hopkins Unuersity Schopl of Medicine, Baltimore, and the 
Department of Biological Chemistry, Harvard Medical School, Boston) 

(Received for publication, November 29, 1943) 

The eggs and embrj os of the goose-barnacle' contain a pigment the color 
of which depends upon the age of the developmg embryo Dr D P 
Costello, who drew mv attention to this pigment, furnishes the follownng 
descnption 

"The eggs m the ovary and the earliest cleavage stages in the egg lamella are i dis 
tinct pale blue By the gastrula stage, the color becomes lavender with a blue spot 
remaining in the yolky interior slightly above the equator of the egg The early 
nauplii are somewhat less blue and more pink in color, the greatest intensity of color 
being in the interior of the nauplius Hatched nauplii from the mantle cavity, w hen 
examined in mass, are entirely pink, having lost the blue color entirely There is 
thus a gradual transition from blue to pink during embryonic development ” 

There w ill be desenbed m this paper experiments w hich indicate that the 
blue pigment of the eggs is a carotenoid-protem compound Dissociation 
of this complex mto its component parts results m the production of a 
colorless protem and a red carotenoid-like substance It would appear 
that the change m color of the developing embryos must be ascribed to a 
sumlar dissociation of the carotenoid-protem complex 

Extraciion and Properties — The egg lamella, which consisted of a flat 
sheet of eggs, was removed from the mantle cavity Most of those ob- 
tamed were blue m color Those that were lavender or pink m color w'ere 
segregated and worked up separately The blue eggs were ground m a 
mortar ivith sand and water and the mixture centrifuged The turbid blue 
supernatant was decanted and the residue further extracted ivith 1 per cent 

' Goose barnacles are not indigenous to the Woods Hole w aters They are occa 
sionally found in this region at various times between June and September when 
prolonged southeast winds have earned drifting material of the Gulf Stream in this 
direction For the most part, those employed in this study were obtained from a 
floating piece of timber picked up in \ineyard Sound during the summer of 1940 
According to Dr Costello, they were probably Lepas analifera, though positue 
identification was not made During the summer of 1943, a fc \ specimens of Lepas 
fascicularis were obtained The eggs of tins species contain a blue pigment with 
properties similar to those described here The spectrophotometric data presented 
were obtained entirely on the pigment from Lepas fascicularis 
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ammonium sulfate until it was colorless The pigment was not water- 
soluble m the absence of salt The centrifuged extracts were then com 
bmed and brought to 50 per cent saturation mth ammonium sulfate The 
precipitated pigment was centrifuged off and dissolved by the addition of 
a volume of nater equal to the volume of the original extracts The blue 
solution so obtamed nas opalescent and contamed some undissolved 
matenal Ammomum sulfate was now added to make a 25 per cent 
saturated solution and the precipitate centrifuged down and discarded 
The supernatant, which nas water-clear and deep blue m color, ivas then 
brought to 42 per cent saturation with respect to ammomum sulfate The 
precipitated pigment was centrifuged off and dissolved by the addition of 
water Dialysis of the resultmg clear blue solution at 6° overnight against 
distdled -water caused the pigment to precipitate as the salts were removed 
The precipitated pigment could be separated by centrifugation and dis- 
solved m weak salt solutions This step was, however, of httle value m 
punfication of the pigment, smce a loss m color mtensity occurred This 
loss m color on dialysis does not appear to be due to the loss of a dialyzable 
prosthetic group, since solutions of the pigment also lose them color slowly 
on standmg m the refrigerator At room temperature and m the presence 
of hght and oxygen, solutions of the pigment lost most of their color withm 
12 hours No attempts n ere made to prevent this fadmg by the use of an 
mert atmosphere, though it seems likely that it is due to an oxidative 
reaction The pigment, when m the precipitated state under ammomum 
sulfate, may be kept m the refrigerator for weeks ivithout any apparent 
loss m color All experiments to be descnbed subsequently were, therefore, 
performed upon solutions freshly made from a precipitate of the pigment 
preserved imder ammomum sulfate 
Attempts to extract the pigment from the pink or lavender eggs by a 
simil ar procedure were unsuccessful A pigment could be removed, how- 
ever, if 95 per cent ethyl alcohol or methyl alcohol was employed for ex- 
traction purposes The alcohol solutions so obtamed contamed a red 
pigment which was s imila r m properties to that which could be obtamed 
from the blue eggs and which wdl be described subsequently 
At first glance, it seemed not unhkely that the difference m color of dif- 
ferent batches of eggs could be attributed to a difference m acidity, a change 
from blue to p ink occurrmg perhaps as development occurred and metabo o 
processes mcreased the acidity Indeed, addition of a strong acid to the 
blue eggs caused them to turn red However, the subsequent addition o 
alka li did not restore the blue color Moreover, the addition of alkah 
the blue eggs also caused them to turn red It was then found that ^y 
process such as the apphcation of heat or the addition of alcohol w c 
brought about the denaturation of the protem caused a change m co or rom 
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blue to icd 111 the case in w Inch alcohol was added, the pigment dissolved 
to lea\c a colorless lesidue In all other cases, the pigment was precipi- 
tated out of solution along mth the denatured protein 
This behavior of the pigment suggested that it was similar to the green 
carotenoid-protein pigment to be found in lobster eggs and shells Stem 
and Salomon (3) in studying ovoverdin, the pigment of the lobster egg, 
shoued that if solutions of this pigment were heated rapidly to 65-70° they 
changed from green to red and, if they were then quickly cooled, the green 
color returned This process could be lepeated but not mdefinitely, smee 
some denaturation of the protein occurs each time Solutions of the blue 
pigment from goose-bamacle eggs u ere found to display similar properties 
UTien heated to 60-65°, the color changed from blue to lavender to pink 
If cooled immediatel 3 ’- m ice uater, the blue color was nearly completely 
restored, though mdications of some irreversible changes were evident 
Repetition of the process eventually resulted m complete irreversibihty of 
the reaction and the production of a led precipitate 
This reversible thermal dissociation of the chromoprotem suggested that 
a similar eSect might be obtamed by the cautious acidification of the pig- 
ment Hon ever, the slow addition of acid to buffered solutions of the 
pigment until the red form was produced always resulted m denaturation of 
the protein and the consequent irreversibihty of the reaction There was 
then tried a procedure first introduced by Warburg and Christian (5) of 
acidification m the presence of ammomum sulfate m order to protect the 
protein from denaturation This proved to be successful A solution of 
the pigment was 25 per cent saturated with ammonium sulfate, placed m 
an ice bath, and ice-cold 1 n HCl added m 0 01 to 0 02 cc mcrements, 
slowly and with swirhng of the solution The solution gradually became 
turbid and then the color changed from blue to lavender to hght red as more 
acid was added The addition of acid was stopped as the red color was 
reached If cold 01 m NajHPO< was then added, the origmal blue color 
was nearly completely restored and only a shght turbidity remamed 
Centrifugation of the mixture yielded a clear blue solution which had the 
appearance of the ongmal untreated solution 
The experiment was then repeated on this same solution, but instead of 
bemg immediately reneutrahzed as the red color was agam reached, cold 
saturated ammomum sulfate was added to make the solution 50 per cent 
saturated with respect to this salt The red precipitate formed was 
centrifuged off m the cold and the clear colorless supernatant discarded 
Upon addition of 0 1 m Na^iHPOi to the red precipitate, it dissolved neaily 
completely without, however, turmng blue Centrifugmg now yielded a 
clear red solution and no manner of treatment would turn it blue Heatmg 
the solution coagulated the protem and a red precipitate of the pigment and 
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protein resulted The possible significance of these findings ivill be dis- 
cussed later 

An attempt as next made to obtam some idea of the pH range within 
which this coloi change occurred The blue pigment was therefore dis- 
solved m 0 1 M Na 2 HPOi and brought to 25 per cent saturation mth 
ammomum sulfate Four ahquots of the ice-cold nuxture were then 
treated ^vlth 1 n HCl so as to produce color changes which by eye n ere 
judged to represent 25, 50, 75, and 100 per cent conversion from the blue 
to the red form The solutions were then brought to room temperature 
and their apparent pH values determmed ivith the glass electrode The 
pH xalues obtamed were 4 13, 3 61, 3 37, and 3 24 The pH at the pomt 
where the color was lavender and the conversion judged to be 50 per cent 
complete was thus 3 61 If it can be assumed that the color change repre- 
sents the dissociation of a weak acid, then its pK value must be m the 
neighborhood of 3 6 

Some of the properties of the colored prosthetic group were next mvesti- 
gated This could be obtamed free from the protem by extractmg it mth 
95 per cent ethjl alcohol from an ammomum sulfate precipitate of the 
pigment or from the eggs themselves The clear, orange-red, alcoholic 
solution was separated from the colorless protem residue by centnfuguig 
Evaporation of the alcohol at room temperature left a water-msoluble oily 
red residue This residue dissolved readily m ethyl ether and when such 
a solution was underlaid with concentrated H2SO4, a famt green color could 
be observed at the mterface of the two hquids The residue was also 
soluble m petroleum ether and the pigment could be extracted completely 
from this solvent with 90 per cent methyl alcohol Solutions of the pigment 
when viewed with a hand spectroscope showed a broad absorption band m 
the region of X 500 m/i These properties of the pigment are characteristic 
of carotenoids of the xanthophyll type (c/ Zechmeister (6)) 

Kuhn and Sorensen (1) have described the isolation of a red carotenoi 
pigment which they have called astaxanthm from the green chromoprotem 
found m lobster eggs These w orkers have reported that astaxanthm fonm 

blue salts when solutions of it are made alkahne m the absence of air 
oxygen is present, a rapid oxidation to the red astacene occurs It 
possible that the red carotenoid obtamed from the goose-barnacle eggs mign 
also be astaxanthm, and an attempt was made therefore to convert it 0 a 
blue salt An alcohohc solution of the pigment was freshly prepare rom 
the blue chromoprotem and placed m a Thunberg tube Alcoho c v 
was then placed m the side arm and the tube evacuated 6n 
contents of the tube were nuxed, no color change could be observe 
IS possible that this negative result is due to the presence of some ua er 
the alcoholic solution Unfortunately , an accident mvalidate an a e 
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to repeat the e\penmeiit with pyridine, which appears to be the solvent 
Kuhn and Sorensen emplojed, though this is not clearly stated in their 
article 

The limited quantity of material available prevented further tests along 
this Ime from being made The question of the identity of the prosthetic 
group of the blue chromoprotem wnth astaxanthin must, therefore, be left 
m abeyance 

Durmg the summer of 1943, a few specimens of the goose-bamacle, Lepas 
fascicularis, were obtamed The blue pigment of the eggs of this species 
was found to possess properties similar to those described above The blue 
chromoprotem w’as purified by the procedure outhned and its absorption 
spectrum deterimned wath the aid of a Beckman quartz spectrophotometer 



Fig 1 Absorption curves for chromoprotein dissolved in neutral salt solution and 
the prosthetic group dissolved in 90 per cent ethanol 

The results are given m Fig 1 At the end of the run, the blue pigment w as 
precipitated wnth ammomum sulfate and the prosthetic group spht off from 
the precipitate by the addition of 95 per cent ethyl alcohol The absorp- 
tion spectrum of the pink alcohohc solution was then also determmed, with 
the results showm m Fig 1 Owmg to the limited amount of pigment 
available, the density values are very low and hence not too accurate 
The results, however, serve to mdicate the pronounced difference m absorp- 
tion spectra between the chromoprotem and its prosthetic group Maxi- 
mum absorption of the chromoprotem occurs m the region X 600 ma, while 
the prosthetic group has its peak absorption m the region X 480 mp There 
IS an mdication that the absorption spectrum of the prosthetic group 
possesses two shoulders on either side of its peak, similar to that given by 
Kuhn and Sorensen (1) for astaxanthm The maxi m u m absorption of 
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astaxantiun dissolved in pj ndme as reported by these workers is located 
at X 490 to 495 ni/i 


DISCUSSION 


The blue color of the eggs of the two species of Lepas studied here la 
mentioned by Charles Darwnn in his “hlonograph on the Cimpedia” pub- 
lished in 1851 Darwin states that the eggs change in color from blue to 
pmk upon the addition of "spirits ” This property of the blue chrome 
protem of these eggs as well as others described here resembles those of 
ovoierdin, the green carotenoid-protem compound obtamed from lobster 
eggs Both pigments undergo a reversible color change to red mth mild 
heatmg and a permanent change to this color with any process that causes 
denaturation of the protem part of the pigment, such as the addition of 
alcohol Ovoverdm, accordmg to Stem and Salomon (3), is to be classed 
as an albumm, smce it is w ater-soluble and precipitated only from solutions 
completely saturated with ammomum sulfate The blue pigment from 
goose-bamacle eggs, on the other hand, is not water-soluble and is pre- 
cipitated from solutions 42 per cent saturated with ammomum sulfate 
It may, therefore, be classed as a euglobuhn Smce both pigments yield 
a red-colored prosthetic group, it might appear that the difference in their 
protem moieties is responsible for the difference in color of the two chromo- 
protems No defimte conclusion along this Ime should be drawn, however, 
until the identity of their prosthetic groups is established 
Astaxanthm, the prosthetic group of ovoverdm, has been assigned the 
accompanymg formiila by Kuhn and Sorensen (1) These workers have 
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suggested that the hydroxyl groups of astaxantiun undei^o an lomza ion 
which thereby permits its linkage to the protem by a salt-hke bridge 
t 3 rpe of linkage they beheve accounts for the pronounced difference m co 
between the free and the protem-bound carotenoid They base s su 
gestion on the findmg that solutions of astaxanthm m orgamc so ven ^ 

blue on the addition of alkah The occurrence of a similar type o 

between the carotenoid and protem parts of the blue chromopro em 
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gested by the reversible change in color that it undergoes on the apphcation 
of heat or upon acidification Moreover, the fact that the color change 
upon acidification is centered at about pH 3 6 suggests that an lonizable 
group participating m this linkage has a pK value in this region In this 
connection, it is interesting to note that the hydroxyl groups of astaxanthin 
possess a configuration not unlike that found in ascorbic acid, which has a 
pK \alue of 4 0 

Some hnkage other than a salt type must also exist in the blue chromo- 
protem betv een the carotenoid and protein parts This is mdicated by the 
findmg that it is possible to produce an irreversible vater-soluble red 
product from the blue chromoprotem This red product cannot be the 
free carotenoid itself smce this is water-msoluble The carotenoid, therefore, 
must be held m solution by a hnkage to the protem other than that responsi- 
ble for the blue color The reversible color changes of the pigment that 
occur on heatmg or acidification would appear, therefore, to be due to the 
openmg and closmg of a salt-hke bridge mthout the rupture of this second 
type of hnkage In the case of the formation of the irreversible water- 
soluble red product, some structural change must have occurred m one 
of the components to prevent the reformation of the salt-hke bridge Kuhn 
and Sorensen (1) hax e also postulated that a hnkage other than the salt 
bndge type occurs between the protem and carotenoid m ovoverdm They 
base this postulate on the fact that, whereas autoxidation of the blue salts 
of astaxanthm m pyridme occurs readily, there is no autoxidation of the 
carotenoid when bound to the protem 

The change m color from blue to red m the developmg goose-barnacle 
eggs would also appear to be due to a dissociation of the protem-carotenoid 
complex Smce the red pigment of the eggs is not soluble m dilute salt 
solutions, an alteration other than a mere rupture of the salt type hnkage 
would seem to have occurred What changes occur m the environment of 
the eggs as they develop to cause this alteration or its physiological signifi- 
cance are unknown The only processes that have been found zn mtro to 
lead to the production of an insoluble red product are those that cause 
denaturation of the protem A denaturation of the protem part of the 
pigment withm the eggs as they develop may thus be postulated Such a 
process would resemble that encoimtered m the mechanism of vision Ac- 
cordmg to Wald (4), the primary change from visual purple to visual yellow 
consists m a rupture of the caxotenoid-protem complex by the action of 
hght to hberate the carotenoid retmene The protem component is consid- 
ered to be denatured m the reaction (Musky (2)) What part hght may be 
playmg m the color change of the goose-bamacle eggs as they develop is not 
known It would be of mterest, however, to detemune whether the ab- 
sence of hght prevents the color change m these eggs as they develop 
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SUMMARY 

1 The eggs of the goose-barnacle contain a blue pigment which appears 
to be a carotenoid-protem compound 

2 The pigment is insoluble m water, soluble m dilute salt solutions, and 
precipitated from solutions 42 per cent saturated with ammonium sulfate 

3 The pigment can be made to undergo a reversible color change from 
blue to red by the apphcation of mdd heat or acidification m the presence of 
amm omum sulfate In the case of acidification, the raid-pomt of the color 
change occurs at pH 3 6 

4 Processes which cause denaturation of the protem cause an irreversible 
color change from blue to red with precipitation of the pigment The 
formation of an irreversible but soluble red product is also described 

5 The colored prosthetic group may be evtracted with alcohol and dis- 
plays some of the properties of \anthophylls Its possible idmtity ivith 
astaxanthm is discussed 

6 The similarity of the pigment to the green chromoprotem, ovoverdin, 
found in lobster eggs, is pointed out and the possible types of Imkage between 
the protem and carotenoid portions discussed 

7 The change m color from blue to red observed m the developing eggs 
IS attributed to a dissociation of the protem-carotenoid complex 
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FLUOROPHOTOMETRIC ANALYSIS 01' VHAMIN A ESTERS* 

Br HARRY SOBOTICA, SUSAN ICANN, and WILIIELMINE WINTERNITZ 

[From the Chemistry Department, the Laboratories of the Mount Stnai Hospital, 

Veto Korl.) 

(RcceiVLd for publication, November 12, 1043) 

Alcoholic bolution-- ot cateib of vitamin A ili'^play a bhaip iLse m the 
iuten5it\ of then greenish fluoiescence upon iillraviolct irradiation, this 
beluMOi 13 in contrast to that of free vitamin A alcohol (1) Ihis differ- 
ence fuinishes the basis foi a method of differential quantitative analysis ot 
\itamm \ alcohol ester nii\tines bv means of a fluorophotometer 

The lollomng esters of a itamin A were studied (I'lg 1) acetate, laurate, 
nijiistite, palmitate, oleate, hnoleate, and azobenzene carboxylate 
Except foi the last two cateis, the course of the mtensitj of fluorescence 
dunngiuadiation was found to be piactically identical for equivalent con- 
centiations We haxe piepaied mixtures of vitamin A alcohol with its 
esteib in vauous latios and found that the maMnium of fluorescence 
achiexed during irradiation under given conditions is an additive function 
of the fluorescence of \ itamin A alcohol, which falls off but shghtl3' during 
the first 10 minutes, and the maximal fluorescence of the ester Hence, 
we haxe constructed a graph (Fig 2) which gives on the ordinate the 
fluoiescence in terms of galvanometer deflections of all mixtures of vitamm 
A alcohol plus acetate, the peicentage of which is given on the abscissa 
Indn idual curves are diawn foi total vitamin A concentrations in multiples 
of 1 I u or 0 3 T in the lange of 0 3 to 3 3 7 per ml In order to find the 
estei peicentage, one tiaces the level of maximal galvanometer deflection 
fiom the vertical axis to the cuive derived for the total vitamin A con- 
centration used A perpendicular Ime fi om the point of intersection leads 
to a pomt on the horizontal axis where the ester percentage can be lead 

In order to apply this prmciple to the analysis of mixtures of vitamin A 
with its esters, one takes a solution of known total vitamin A concentration 
In the analysis of puie substances and in the study of enzymatic hydrolysi'- 
of vitamin A esters, the concentration is known from the weight of the 
sample dissolved In all other instances the total concentration may be 
ascertained by the Cair-Price leaction with SbCh, which does not dis- 
tmguish between free and combmed vitamin A, but gives a measuie of the 
total concentration The solution is then irradiated m the fluoiophotom- 

* This investigation was supported by a grant from the Nutrition Foundation, Inc 

This paper is the third in a senes of investigations of the fluorescence of vitamin 
A, for the preceding papers see (1) and (2) 
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eter, as described previously (1), and the course of fluorescence is followed 
and plotted on graph paper from minute to mmute, the peak of the curve 
IS easily recogmzed and the figure obtained together with the total con- 
centration furnishes the ester percentage by the nomographic procedure 
outlmed above 

Because of differences in the mdividual apparatus, such as hght intensity, 
diaphragm openmg, and density of filters, it becomes necessary to eahbrate 
the fluorophotometer with a standard fluorescence solution of 1 part of 
qumine sulfate m 1,000,000 parts of acidulated water, sunilar to the stand- 
ard used in the fluorophotometry of thiamme (3) Usmg the same filters 
as for the vitamin solutions themselves, one adjusts the galvanometer 



Fio 1 Fluorescence of solutions containing 3 33 y of vitamin A in the form of 

vanoua esters per ml ofetbanol Abscissa = time of irradiationinminutea, ordinate 

= galvanometer deflection 

Fiq 2 Nomogram for the detemunation of ester percentage on the abscissa for 
maximal galvanometer deflection G (ordinate) and total vitamin A concentrations 
of 0 3 y (Curve 0 5), 0 7 y (Curve 1), 1 3 y (Curve 2), 2 y (Curve 3), 2 7 y (Curve 4) 
and 3 3 y (Curve 5) in 1 ml of absolute ethanol 

deflection produced by the fluorescence of the quinine solution to a fixed 
number by settmg the variable resistance of the photocell-galvanometer 
circmt In the present case the number 60 on the galvanometer scale was 
selected for the quinine standard The calibration of fluorophotometers 
may also be accomplished by glass standards (4), here again, a suitable 
galvanometer settmg must be selected for a given type of apparatus and 
range of intensity 

Vitamm A hnoleate and vitamin A azobenzene carboxylate differ from 
the other esters mvestigated The hnoleate shows as steep an initial r^e 
in mtensity of fluorescence as do the esters of the saturated acids but the 
maximum is about one-fifth lower (Fig 1, Curve 2) This difference must 
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be due to the acceleratiou of the secondary photooxidative process which 
destroys the highly fluorescent product of the primary photoreaction If 
this photooxidation is enhanced by the catalytic influence of Imoleic acid, 
the effect should be smaller when oxygen is driven out by a current of CO2 
This, mdeed, is the case (Table I) Whereas the maximum fluorescence m- 
tensity of the acetate is mcreased by 45 per cent m COj (c/ (1)), that of the 
hnoleate is mcreased by more than 70 per cent and the difference — (?iui 
shnnks from 22 to 8 per cent 

The fluorescence curve of vitamm A azobenzene carboxylate runs an 
entirely different course The galvanometer deflection rises ery slowly 
from the imtial blank value of about 8 m the course of 1 hour to 18, and 
after mamtainmg a plateau at this readmg, it drops at an equally slow rate 
This behavior is caused by the strong absorption of the effective radiation 
m the yellow solution of this ester A similar course could be observed with 
any of the other esters, if one reduces substantially the mtensity of irradia- 
tion 


Tabde I 

Maximal Gaivanomeler DeJUclion of S^y per Ml in Ethanol, Corrected for Fluorescence 

of Blank 



Without COa 

With COi 

Per cent increase 

Vitamin A acetate 

45 

65 

46 

“ “ hnoleate 

35 

60 

71 

Per cent difference 

22 

8 



EXPBRIMENTAIi 

The method has been apphed to samples of vitamm A concentrates and 
to fish hver oils After the determmation of the blue value by the method 
of Dann and Evelyn (5), an aliquot of the chloroform solution is evaporated 
m a current of nitrogen at 40-50° and the residue dissolved m the appropri- 
ate amount of absolute ethyl alcohol About 12 ml of a solution contam- 
mg 0 3 to 3 3 7 per ml of total vitamm A are required for the absorption cell 
(13 X 42 X 46 mm ) which is placed m the fluorophotometer 1 The 
source of hght consists of an 85 watt mercury capillary arc at a distance of 
200 TTim from the face of the cell The beam of hght, regulated by an ins 
diaphragm, passes through Commg Filter 5840 (new) and through a 
vertical sht At a perpendicular angle adjacent to the broad side of the 
cell a barrier-layer photoelectric cell responds to the fluorescent hght 
emanatmg from the solution and filtered through Commg Filter 3389 (new) 
which excludes scattered ultraviolet hght The photoelectric current is 

1 We have used the fluorophotometer of Pfaltz and Bauer, Inc , New York 
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measured by a multiple mirror galvanometer with variable resistance and 
\nth a sensitivity of 2 3 X 10“° ampere per mm Table II is a summary 
of lesults obtamed by this procedure 
Correction for Innoleic Acid — If it is known that L per cent of vitamin A 
in a sample is present in the form of the hnoleate, the galvanometer reading 
G maybe extrapolated to the value G' = G/{\ — 0 0022L), the galvanometer 
deflection that would be read if the Imoleic acid was replaced by a saturated 
fatty acid If the Imoleic acid content is unknown, one may assume that 
the share of Imoleic acid and other unsaturated acids with two or more 


TABtB 11 

Eater Percentage of Vitamin A Preparations 





Percent of esterUied 




vitamm A 

Preparatioa 

Total vitamm A 






Found 

for 20 
per cent 
Imoleale 


/ [/ per gm 

7 per im 



Vitamm A alcohol, crystalline 


1,000,000 

0 


“ " acetate, “ 



100 


Commercial vitamin A Concentrates 

HKn!! oiil 


10-15 


11, 16, 18 


-300,000/ 


Same, Concentrate 46 


195,000 

30 

31 5 

Sapomfied concentrate 

600,000 

185,000 

0 


Vitamin A in sterile sesame oil 

500,000 

155,000 

73 

76 

Standard concentrate 

200,000 

60,000 

82 

86 5 

Concentrate in capsules 

200,000 

60,000 

67 

70 


76 

78 

Oleum percomorphum 

60,000 

18,000 

55 

68 




47 5 

49 

Halibut liver oil 

60,000 

18,000 

54 

67 


59 

62 

U S P cod liver oil. No 2 


620 

60 

63 6 

Normal rat liver 

mm 

105 

80 



double bonds is the same for the vitamm A fraction as for the whole oil 
An estimated average of 20 to 25 per cent (6), multiplied by the per cent of 
uncorrected ester, yields L and hence, accordmg to the above formula, a 
correction factor >0 945 by which the observed galvanometer deflection 
must be divided m order to obtain G' foi the final nomographic evaluation 
Biological Specimens — ^The method lends itself to the study of material 
from expenmental animals, such as rat liver (Table II) which is relatively 
low m carotenoid content In the application of the method to the dif- 
ferential analysis of vitamin A esters m blood serum, the mterfermg effect 
of carotenoids makes itself felt Both carotene and the hypophasic caro- 
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tcnoids reduce tlio traiUjimssion of ultraviolet bght by the extract, and also 
display fluorescence of their own Their chromatographic removal from 
vitamin A solutions i\ itli quantitative recovery of the latter m the filtrate 
or eluate is not feasible 

We are mdebted to Dr J G Baxter of Distillation Products, Inc , for 
samples of the various esters used m this mvestigation 

SUMMARY 

The difference m the course of fluorescence between vitamm A alcohol 
and vitamm A esters has been utilized for the differential analysis of their 
mixtures The results obtained by fluorophotometry are evaluated by a 
nomographic procedure A series of esters has been studied and certam 
exceptions m their behavior considered Examples are given for the 
determination of estei percentage in a number of vitamm A preparations 
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THE VERATRINE ALKALOIDS 

xxr THE CONVERSION OP RUBIJERVINE TO ALLORUBIJERVINE THE 
STEROL RING SYSTEM OF RUBIJERVINE 

Bt WALTER A JACOBS and LYMAN C CRAIG 
(From the Laboratories of The Rochefeller Institute for Medieal Research, New York) 

(Received for publication, December 14, 1943) 

The basis for the correlation of the veratnne bases with the alkaloids of 
Solatium and with the sterols has been presented previously (1) The 
failure, hoi\ever, to obtain any indication of the formation of Diels’ hydro- 
carbon on dehydrogenation from any one of the veratnne bases thus far 
evammed m contrast to the expenence with solamdme suggested that this 
imght be due to some difference m rmg structure This pomt has been 
discussed m earher commumcations and certam evidence was presented 
nhich suggested the possibihty that Rmg B of the veratnne alkammes could 
be 5-membered, instead of 6-membered as m the sterols However, m the 
hght of results which we have now obtamed with rubijervme, it has been 
shown that this base parallels the behavior of solamdme m certam reactions 
ahich can be best explamed on the assumption that Rmg B is 6-membered 
Rubijervme, therefore, like solamdme, must possess the regular steroidal 
skeleton 

The method of Sexton (2) for the conversion of cholesterol to choles- 
tenone, which was employed by Schopf and Hermann (3) for the preparation 
of solamdone from solamdme, has now been apphed to rubyervme The 
ketone nibijervone was readily obtamed and was charactenzed by its oxime 
Rubijervone was then subjected to the action of alummum isopropylate, 
essentially as used by Schoenheuner and Evans (4) for the conversion of 
cholestenone to allocholesterol and its epimer From the reaction mixture, 
a substance was obtamed which was isomenc with rubijervme As m the 
case of the cholestenone reaction, it is probable that a mixture of two sub- 
stances was produced, mz , allorubijermne and epiallorubijermne The 
substance obtamed by recrystalhzation yielded ivith digitonm, after several 
days standmg, a relatively small amount of precipitate which, on still longer 
standmg, was followed by a gradual deposition of larger crystals At any 
rate, the precipitabdity by digitomn appeared much less marked than in the 
case of rubijervme itself Unfortunately, the amount of material available 
was too small to make possible an attempt to fractionate the reaction 
product mto pure allorubijervme and epiaUorubijervme over the digitomde 

But of greatest significance was the fact that this material now gave a 
pronounced Rosenheim reaction in contrast to rubijervme itself, thus 
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paralleling the difference in beha\ioi in this respect of allocholesteiol and 
cholesterol The conclusion must, therefoie, be drawn that the trans 
formation of rubijervme to allorubijervine is to be explamed on the same 
basis as that of cholesterol to allocholesteiol, in i\hich the double bond of 
the former shifts from the 5,6 position to the 4,5 position, and is due to 
conjugation mth the carbonyl group in the inteimediate lubijervone 
Such an mterpretation, barnng an improbable rearrangement, would re- 
quire that carbon atom 5 m rubijervme cannot carry an angular methjl 
group, as we have onginally suggested for the other veratrine alkammes, 
and Rmg B must, therefore, be 6-membered 

It is apparent that a different reason must be sought for the failure of 
rubijervme to yield Diels’ hydrocarbon on dehydrogenation than the 
possibihty that carbon atom 5 bears an angular methyl group and that 
Rmg B IS 5-membered 

The attempt was made to subject cevine to an analogous senes of reac- 
tions but, unfortunately, no crystalhne carbonyl denvative could be ob 
tamed after the alkamme was heated with copper powder For the tune 
bemg at least, a final decision cannot be made as to whether Rmg B m this 
alkamme, and therefore m the remammg veratrme bases, possesses the 
regular sterol structure or a vanation of it But if the regular arrangement 
should be found to be the case, the ongm of the he\anetetracarbo\yho acid 
obtamed from cevme and germme, as well as that of the senes of fluorene 
hydrocarbons obtamed on dehydrogenation, wall require remterpretation 

EXPERIMENTAL 

Rvhtjervone — An mtimate mixture of 1 gm of rubijervme with 4 gm 
of copper powder was placed m a sublimation apparatus, and air was re 
moved with CO: The mixture was gradually heated at atmosphenc 
pressure from 150° to 200° m the course of 15 mmutes, durmg which water 
of crystalhzation was dnven off Durmg an additional 15 mmutes, the 
temperature was raised from 200° to 290°, and the nuxture was allowed to 
cool The apparatus was then exhausted to about 0 1 mm , and the 
nuxture was agam heated finally to 290° durmg a penod of about 1 hour 
An appreciable subhmate collected on the condenser and was colored y 
copper The yield was 0 75 gm When this was dissolved m 95 per ren 
alcohol, a red color, apparently due to copper, resulted, which was pa y 
removed by treatmg the solution wnth nont The filtrate, on concentra ion 
to about 5 cc , yielded a copious crop of almost colorless needles (0 38 gm 
which gradually melted at 198-201°, but did not clear tiU 202 
rected) On further reciystalhzation, it melted at 202-204 a ter s g 
pre limin ary smtermg 

CjiHuOsN Calculated, C 78 77. H 10 05, found, C 78 59, H 10 30 
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The oxiHic was prepared under conditions essentially as described by 
Schopf and Hermann (3) for solamdone o\irae, wth the exception that a 
X ery small volume of methanol x\ as added to produce an initial clear solu- 
tion The reaction mixture gradually formed a thick paste of crystals of 
the hydrochloride of the oxime After standing at room temperature 
overnight, the collected salt uas decomposed m aqueous suspension ivith 
dilute sodium carbonate and the base was extracted with chloroform Af- 
ter concentration, the oxime base was obtamed from alcohol as lustrous 
flat needles and was then reciystalhzed several times from methanol 
Most of it appeared to melt at 160°, but ciystalhzed again and then melted 
at about 247-254°, dependmg on the rate of heatmg 

Ci,H„OiNi Calculated C 75 99, H 9 93, N 6 57 
Found “ 76 85, “ 9 77, “ 6 59 

Alloruhijennne {Epialloruhijertnne ) — Because of the small amount of 
material used for this reaction, somewhat different conditions x\eie em- 
ploj ed from those given by Schoenheimer and Evans (4) for the reduction 
of cholestenone Aluminum isopropylate was prepared accordmg to 
Adkins (5) by refluxing 1 gm of aluminum leaves, aftei amalgamation, 
\nth 15 cc of absolute isopropanol until dissolved To this was added 0 2 
gm of rubijerv one, and the protected mixture was refluxed for 22 hours 
Towards the end, a small portion of the solvent xvas allowed to boil off 
The chilled reaction mixture xvas decomposed with excess 20 per cent 
potassium hydroxide and extracted with ether The dned extract after 
concentration was boded down with 95 per cent alcohol to lemove iso- 
propanol The concentrated solution ciystalhzed and, after chilhng, was 
collected at 0° After recrystalhzation from 95 per cent alcohol, it formed 
needles xvhich gradually softened to a melt at 218-222° The substance 
gai e a purple color with tnchloroacetic acid 

C„H„0 N Calculated, C 78 38, H 10 49, found, C 78 40, H 10 70 

The question of the homogeneity of this substance cannot be decided 
untd more matenal is available, and it is piobable that, for separation mto 
allorubyervine and epiallorubijervme, conversion mto the digitomde wall 
be necessary 

All analyses were performed by Mr D Rigakos of this laboratory 
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Mil THE ISOLATIOKf OF PBIANTHRENE FROM THE 
DEHYDROGENATION PRODUCTS OF STAPHISINE 
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(From (Ac Laboratories of The Rockefeller Institute for Medical Research, ^ ew York) 

(Received (or publication, December 14, 1943) 

In the course of our work, on the sunplei, less oxygenated alkaloids of 
the aconite senes, the possibility of a relationship to another class of natural 
products, the tei penes and perhaps in particulai the diterpenes, has steadily 
become more apparent A certam resemblance had been evident for 
some time in the general nature of the hydrocarbons which were encoun- 
tered m the dehydrogenation of atisme (1), napeUme (2), and of staphisme 
(3), smee these appeared to be mamly phenanthrene hydrocarbons, and 
no hydrocarbons mth larger rmg systems iiere isolated None of these 
hydrocarbons, ivith the exception of 1-methylphenanthrene from atisme, 
was defimtely identified Further progress along this hue has been greatly 
hmdered by the lack m this laboratory of the proper phenanthrene hydro- 
carbons wuth which to make the necessary direct comparisons 
In the mterest of further exaimnation of the suggested resemblance to 
the diterpenes, ue have earned out a dehydrogenation of commercial 
abietic acid, possibly contaimnated with d-pimanc acid, under the same 
conditions as were used for our alkaloids Fractionation of the resultmg hy- 
drocarbons gave a shghtly different picture, smee considerably larger amounts 
of more volatile hydrocarbons u ere obtained Hou ever, aside from retene, 
which Mas the principal hydrocarbon, a small amount of a hydrocarbon 
with the empmeal formula CibHh was isolated The physical properties 
of this hydrocarbon, as uell as of its picrate and styphnate, were m good 
agreement with the recorded properties of 1,7-dimethylphenanthrene or 
pimanthrene, and there can be no doubt of its identitj because of its 
source 

A correspondmg CisHu phenanthrene derivative rvas reported previously 
(3) as a product of the dehydrogenation of staphisme, although the meltmg 
pomt was a few degrees lower than that recorded for pimanthrene How- 
ever, we have now further purified this hydrocarbon and found it to agree 
m all respects with the hydrocarbon from abietic acid No depression m 
the mixed meltmg pomt was found The picrates and styphnates from 
both sources were likewise mdistmguishable Their identity would appear 
to afford the first chrect evidence m support of the possibihty of a relation- 
ship between the diterpenes and the acomte alkammes 

In order to gam further information m regard to the nature of the hydro- 
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carbons obtained in the dehydrogenation of staphisine, a type of oxidative 
procedure has been attempted which proved so useful m the establishment 
of the structures of retene and pimanthrene, and thus of the diterpenes, 
abietic and d-pimanc acids, respectively (4) Exact similarity m behavior 
has not been found, but nevertheless certam resemblances have been en- 
countered Oxidation of the mam hydrocarbon from staphisme, the hydro 
carbon Ci 9 H 2 o, first to the qumone with chromic acid and subsequently 
with potassium permanganate, did not lead to the isolation of the hydroxy- 
isopropyldiphenyltncarboxyhc acid, CisHisO? (Formula I), which is formed 
from retene by such a procedure Instead, a simpler acid, CuHuOs, ap- 
parently a hydroxyisopropylphthahc acid, was isolated 
The formation of this substance would mdicate that the CisHao hydro- 
carbon bears on one of its rings an isopropyl group, such as occurs m retene, 

COOH 




and no other substituent on the same rmg of the phenanthrene nucleus A 
probable position of this isopropyl group, which could lead to the hydroxy- 
isopropyl group of the structure lepresented m Formula II, may be inferred 
from the fact that pimanthrene is also formed dunng the same dehydro- 
genation 

If the above conclusions are assumed to be correct, 2 carbon atoms would 
remain to be accounted for m the C 19 H 20 hydrocarbon It may be inferred 
that one of these is located on position 1 , if it is mvolved in the formation 
of 1,7-dimethylphenanthrene from staphisme The remammg carbon 
cannot be jomed to this carbon atom to form an ethyl group on position , 
smce such a substance, homoretene, is known (5) The latter gives a 
qumone which melts much lower (over 60°) than the qumone from mr 
Ci 9 H 2 o hydrocarbon Therefore, it appears probable that the n 20 
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hydrocarbon is a methylretene m which the second methyl group is attached 
to one of the positions, 2, 3, or 4 

With the hope that the hydro\yisopropylphenyldicarbo\yhc acid postu- 
lated above could be found also among the oxidation products of retene, 
and therefore aid in establishing its exact identity, we have repeated the 
oxidation of retenequmone essentially as descnbed by Bucher (6), and by 
Ruzicka, de Graaff, and HosLmg (4), on a small sample of the qumone 
u hich w as available This gave at once a ithout difficulty the hydroxyiso- 
propyldiphenyltncarboxyhc acid reported by them as a major product, but 
the abo\e hydrox-yisopropylphenyldicarboxyhc acid was not found m the 
mother liquors Hoa ever, another acid a as isolated as the tnmethyl ester, 
ahich ae aish to record at this point, since it a as apparently also encoun- 
tered in our study of atisine to be descnbed m a subsequent paper After 
estenfi cation of the final crude mothei liquors anth diazomethane, frac- 
tionation yielded a crystallme substance, CiaHjjOr, which from the analyti- 
cal data appeared to be the tnmethyl ester of a dicarboxyphenylglyoxyhc 
acid, CioHiOt Although ae have not had opportumty as yet to establish 
the exact identity of this acid, it might be expected to result from the 
further oxidation of the above hydroxyisopropyldiphenyltncarbox-yho acid 
Such a-keto acids have been repeatedly encountered m the oxidation of 
aromatic hydrocarbons This acid could possess the structure shown m 
Formula III This aould be consistent with the simultaneous production 
of both tnmelhtic and hemimelhtic acids, a’hich have been found to be 
formed (4) dunng the same oxidation 

EXPERIMENTAL 

Dehydrogenation of Ahieiic And — ^25 gm of commercial abietic acid acre 
well mixed -with 75 gm of selemum, and the mixture was heated m an 
apparatus such as that previously employed and through which a steady 
stream of mtrogen was passed The temperature a as gradually raised to 
340° dunng 30 mmutes, and held at this pomt for 2 hours 

The volatile matenal was discarded The finely pulvenzed residue a as 
a ell extracted with ether After evaporation of the solvent, a residue of 
15 gm was obtamed This residue was dissolved m benzene and chromato- 
graphed through 200 gm of activated alumma 11 7 gm of a hydrocarbon 
fraction passed through the column m the first and mam band 

This matenal from the first band a as then fractionated m a sublimation 
apparatus under reduced pressure and separated mto four fractions, ahich 
consisted of 2 6, 3 9, 3 3, and 0 7 gm , respectively The last three fractions 
were mostly crystallme The first fraction (2 6 gm ) auth 1 gm of the 
second fraction was placed m a micro fractionatmg column 20 cm m length 
and separated mto twenty-five fractions of roughly 130 mg each The 
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first eighteen fractions were non-ciystalhzmg oils of high hydrogen content, 
from which Fractions 17 and 18 yielded pimanthrene The later fractions 
which crystalhzed were mostly retene This was readily obtamed by 
recrystalhzation 

Isolation of Pimanthrene — ^Fraction 17 (approximately 130 mg) was 
treated with 100 mg of picnc acid m benzene The picrate was then re- 
ciystaUized from acetone 60 mg of fine yellow needles were obtamed, 
which melted at 131-133° 

CieHu CtHjOTNj Calculated, C 60 66, H 3 93, found, C 60 88, H 4 06 

Fraction 18 behaved m a similar way, but neither Fraction 15 nor 19 
yielded a homogeneous picrate by such treatment Only matenal with a 
very unsatisfactoiy meltmg pomt was obtamed 

The pimanthrene regenerated from the pure picrate after reciystalhzation 
from ether formed heavy characteristic plates which melted at 84r-85° 

C„H„ Calculated, C 93 15, H 6 85, found, C 93 30, H 7 24 

A portion of the hydrocarbon, when treated ivith an equivalent of 
styphmo acid m acetone, yielded characteristic needles of the styphnate 
After reciystalhzation from acetone-ether, it melted at 162-164° 

CisHu C,H,08N, Calculated, C 58 54, H 3 80, found, C 58 32, H 3 95 

DimePiylphenanthrene from Staphisine — The small amount of so called 
dimethylphenanthrene previously recorded (3), which was obtamed from 
Fraction 4 of the fractionated hydrocarbons from staphisme, and which was 
reported to melt at 78-81°, has smce been recrystalhzed from ether It has 
now been found to melt at 84-85°, and formed the same characteristic large 
plates observed m the case of pimanthrene obtamed above from abietio 
acid A mixed meltmg pomt showed no depression The picrates pre- 
pared from the hydrocarbons from both sources also agreed m properties, 
and a mixed meltmg pomt (131-133°) showed no depression 

For further comparison, the styphnate was prepared from the staphisme 
hydrocarbon The same characteristic crystals formed from acetone, 
exhibited by the styphnate from pimanthrene and after reciystalhzation 
from acetone-ether, melted at 162-164° A imxed meltmg pomt ivith 
pimanthrene styphnate shoued no depression 

C»H„ C.HjOsN, Calculated, C 58 54, H 3 80, found, C 68 81 4 08 

Oxidation of CioH.o Hydrocarbon from Staphisme The Quinone, CiAfPi 
— ^The crystalhne matenal obtamed on reciystalhzation of Fractions 1 
and 16 of the hydrocarbons from staphisme previously descnbed (3) I'cre 
recombmed ivith their mother liquors, and m this way a total of 295 mg o 
crude hydrocarbon was obtamed It was dissolved m 3 9 cc of g acia 
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acetic acid and treated ith 0 6 gm of chromic o\ide dissolved in 0 6 cc 
of w ater The mi\tui e n as heated on the steam bath for 6 hours, and then 
allowed to crj-stalhze at 0° overnight 90 mg of stout, orange-colored 
needles were collected wuth cold acetic acid After recrystalhzation from 
acetone, the qumone melted at 213-216° 

Ci.HuOi Calculated, C SI 97, H 6 52, found, C 81 72, H 6 68 

Oxidation of Qumone, CisHia02 Hydroxyisopropylphthahc Acid (?) — 
Approximately SO mg of the above qumone were oxidized accordmg to 
the directions of Bucher (0) Ether extraction of the acidic oxidation 
products gave a total of 90 mg of partiallj’' crystalhne mateiial Onrecrys- 
talhzation from ether, 47 mg slowly separated The substance melted with 
effervescence at about 170°, depending somewhat on the late of heating 
At a higher temperature, the melt appeared to crystallize agam almost 
entirely, presumably as the anhydnde, and then melted at about 290-294° 
This behavior did not change upon recrystalhzation 

CiiHiiO, Calculated, C 58 90, H 5 40, found, C 59 08, H 5 62 

1 040 mg of the acid, when titrated against phenolphthalem with 0 1035 
N NaOH, required 0 0870 cc Calculated for 2 eqmvalents, 0 0896 ce 

Oxidation of Retcnequinone with Potassium Permanganate The Ester, 
OiiHiiO-i — 600 mg of reteneqiunone were oxidized under the same condi- 
tions as w^ei e used for the previous qumone 540 mg of acidic matenal w ere 
extracted wath ether This crystalhzed mainly from acetone-ether to give 
the hydroxyisopropyldiphenyltncarboxyhc acid described previously (4), 
which melted ivith some effervescence at 186-192°, depending somewhat 
on the rate of heating 

C„H,.0, Calculated, C 62 78, H 4 64, found, C 62 87. H 4 SO 

After collection of all the readily crystalhzable matenal, the mother 
hquor was estenfied in acetone solution wuth diazomethane The esters 
would not crystalhze directly and were separated mto three fractions by 
fractional distillation under 0 2 mm piessure The fractions w eighed 80, 
70, and 30 mg , respectively, and distilled from an oil bath held at tempera- 
tures varying from 180-220° 

The first fraction crystalhzed readily from ether and upon recrystalhza- 
tion from acetone-ether yielded 14 mg of well formed, heavy plates w hich 
melted at 149-151° 

C„H „07 Calculated C 55 70, H 4 32, OCH, 33 20 
Found " 55 82, " 4 47, “ 33 2 

These figures suggest the trimethjd ester of a dicarboxj phenylglj oxj he 
acid 
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All of the analytical data were obtained by Mr D Eigakos of this 
laboratory 
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In structural studies on the aconite alkaloid, atisine, Lawson and Topps 
(1) isolated a hydrocarbon, CnHw, which they presumed to be an all^l- 
phenanthrene denvative, by selemum dehydrogenation of the alkaloid 
This observation was later confirmed by us (2), and the hydrocarbon was 
defimtely shown to be a phenanthrene hydrocarbon by absorption spectra 
studies This hydrocarbon, which is the mam product formed dunng the 
dehydrogenation, does not appear thus far to have been encountered as a 
degradation product from any other naturally occumng material so far as 
we have been able to leam from the hterature Degradation e\penments 
have, therefore, been necessary to determme the number and positions of 
the substitutmg alkyl groups For this purpose, the type of ovidatiie 
procedures which proved so useful m the elucidation of the structures of 
retene and of pimanthrene in the diterpene senes appeared to offer the 
most promise The results of such experiments, performed with leiy 
limited matenal, are reported here 

The hydrocarbon was found upon oxidation with chromic acid m glacial 
acetic acid solution to give m good yield an orange-colored quinone, CnHuOe, 
which melted at 149-151° This behavior mdicated that positions 9 and 
10 of the phenanthrene nucleus were unsubstituted 

The ciystaUme qumone was furthei oxidized with potassium perman- 
ganate accordmg to the directions given bj’’ Bucher (3) for the oxidation of 
retenequmone This resulted m a mixture of acids which consisted mamly 
of a tetracarboxyhc acid, evidently a dvphenyltelracarboxylic acid from the 
analytical data This acid w as formed m good yield from the qumone, and 
crystalhzed readily from acetone and ether It appeared to melt with 
decomposition and sublimation at about 340-345° It is possible that 
anhydride formation occurred dunng the meltmg pomt determination, 
smee the meltmg pomt of a substance desenbed below, which analytical 
data mdicated to be the anhydnde, was the same as that of the acid This 
acid was foimd to condense readily with resoremol to give a characteristic 
fluorescem dye, and thus the presence of two adjacent carboxyl groups was 
mdicated The formation of such a tetracarboxyhc acid shows that the 
ongmal phenanthrene hydrocarbon contamed two alkyl groups 
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The acid formed a crystallme telmmelhyl ester \vhich melted at 149-150“ 
H3'drolytic experiments mth the ester mdicated the presence of three ester 
groups uhich uere readily sapomfied uith alkah, and one which was much 
more resistant A crystallme monomelhyl ester, therefore, could be isolated 
from the saponification mixture which melted at 338-341° 

An attempt w as made to oxidize the acid further with fummg mtnc acid 
and a httle manganous mtrate bj’' the method used by Bucher (3) to accom- 
plish the oxidation of the diphenyl acids to the benzenepolycarboxyhc acids 
The mam product of the exudation, which was isolated m a jueld of over 
56 per cent of the theoretical, proved to be a substance which gave analjdi- 
cal data for a monoanhydnde of the ongmal acid It melted at the same 
pomt as the acid itself 

The matenal contamed m the mother hquors from the aboie tetra- 
carboxyhc acid was estenfied with diazomethane When the resultmg 
niLxture was fractionally distilled, a crystallme ester could be isolated from 
one of the fractions This proved to be different from the ester of the 
above tetracarboxyhc acid, w hich w as also isolated from the nuxture Suf- 
ficient of the former ciystalhne ester was not available for final purification, 
but the substance melted at 93-98°, and gave good analytical figures for 
the ester of a benzenetnearboxyhe acid The ester of 1,2,3-benzenetn- 
carboxyhc acid has been reported to melt at 100-101° (4), that of the 1,3,5 
isomer at 144° (5), while the ester of the remaimng possibihty, the 1,2,4 
isomer, has been reported as on oil Our data with the substance m ques 
tion, therefore, strongly pomt to the ester of hemimelhtic acid 

Upon evaporation of the mother hquors from this acid, a thick oil wiis 
obtamed On hydrolj'sis with strong HCl, this yielded a small amount of 
a crystallme acid Here agam, there was insufiBcient matenal for final 
purification, but the analysis clearly mdicated a benzenetnearboxyhe acid 
The meltmg pomt was approximately 220-227° The meltmg pomts of 
the possible isomers, hemimelhtic, tnmelhtic, and tnmesio acids, are 190 , 
228°, and 380°, respectively The substance could not, therefore, have 
been hemimelhtic acid Because of the unlikelihood t^t tnmesic acid 
could be a product of the oxidation of a phenanthrene and because of tte 
meltmg pomt discrepancy as well, this acid would appear to be excluded 
It was most probably tnmelhtic acid 

The acid aqueous layer which remamed after the ether extraction of t e 
oxidation products was also exammed, and from this an appreciable amoun 
of matenal was obtamed as a mixture of esters From the latter, some o 
the tetramethyl ester of the tetracarboxyhc acid reported above was 
lated, and m addition a small amount of a crystallme ester was obtain , 
which melted at 148-149° The analytical data and the meltmg point o 
the latter agreed well with the data obtamed with the ester of e aci 
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previously found lu the o\idation of retenequmone ( 6 ), and which has been 
interpreted as a dicarbo\yphenyIglyo\yhc acid A mixed meltmg point 
of the esters obtamed from both sources showed no depression 
If the above conclusion, that hemimelhtic acid and tnmelhtic acid result 
from the oxidation of the qumone, is correct, two possibihties are suggested 
m regard to the identity of the phenanthrene hydrocarbon, as shown m 
Formulas I and II In such a case, sinulanty would be offered to the 
behavior of the qumone denved from d-pimanc acid (4) when it is subjected 
to this type of oxidation This raises the question whether the above 
tetracarboxyhc acid from atisme is not identical ivith the 2,3,2',4'-di- 
phenyltetracarboxyhc acid, which is the mam product formed by the oxida- 
tion of pimanthrenequmone The meltmg pomt of the ester of the acid 
denved from atisme was found to be 149-150°, and that reported for the 
tetramethyl ester of diphenyl-2,3,2',4'-tetracarboxyhc acid is 153-154° 
(4) However, while the free acid obtamed by us crystalhzed readily and 
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A| 
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V 

Topmula I 

Formula II 


melted at 340-345°, Ruzicka, de Giaaff, and Hoskmg did not report the 
crystalhne character of their acid from punanthreneqmnone 
If our acid should prove to be diphenyl-2,3,2',4'-tetracarboxyhc acid, 
it would mdicate that atisme has much of the structure of the abietic or 
punanc acid group of diterpenes, and would support the conclusion that 
the hydrocarbon meltmg at 41-13° is a pimanthrene homologue, viz , either 
l-ethyl-7-methylphenanthrene or l-methyl- 7 -ethylphenanthrene How- 
ever, these two substances have been reported to melt at 81° (7) and 
87 5° ( 8 ), respectively A comparison of meltmg pomts of these hydro- 
carbons with the data obtamed with the C 17 H 16 hydrocarbon from atisme 
is given m Table I The divergence m properties appears to be sufficient 
to preclude the identity of the atisme hydrocaibon with either of these 
methylethylphenanthienes, and the conclusion is, therefore, necessary that 
another isomer must be m question This would mdicate that the di- 
phenyltetracarboxyhc acid from atisme could not be identical with the one 
obtamed on oxidation of pimanthrenequmone 
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Among the products of the dehydrogenation of atisme reported by us (2) 
IS 1-methylphenanthrene It could, therefore, be inferred that the same 
position IS occupied by one of the alkyl groups m the methylethylphenan- 
threne obtamed from this alkaloid This must necessarily be the case if 
this hydrocarbon could furnish 1 ,2,3-benzenetncarboxyhc acid upon oxida- 
tion There appear to be only two positions now possible for the re mainin g 
substituent m this hydrocarbon if it is to yield on oxidative degradation the 
l,2,4-benzenetncarbo\yhc acid discussed above These are positions 6 
and 7 Position 7 appears excluded on the basis of the above comparison 
mth the 1,7-methylethylphenanthrene and its isomer There remains, 
therefore, the possibihty that the hydrocarbon is either 1-methyl 6-ethyl 
phenanthrene or l-ethyl-6-methylphenanthrene Neither of these com- 
pounds has been reported m the literature so far as we are aware, and final 
confirmation of identity by direct companson must await the opportumty 
to obtam these substances synthetically 

Table I 


Comparative Melting Point Data of Cijifje Hydrocarbon 



Hydro- 

carbon 

Picrate 

Trinilro- 

benzene 

derivative 

QuiDone 


c 

c 

c 

c 

1 XXetliyl 7 ethylphenanthrene 

87 5 


134 


1 Ethjl 7-methylphenanthrene 

SI 

115-116 


154rl55 

hydrocarbon from atisme 

41-13 

129-131 

145-148 

149-151 


In the preceding paper of this series (6), evidence was presented to show 
that a 1,7-disubstituted phenanthrene, pimanthrene, is present among the 
dehydiogenation pioducts of staphisine, the alkaloid from Delphinium 
slaphisagna, which demonstrated its probable diterpenoid character In 
smulai mannei, the above expenments inth atisme may be taken as 
stiongly suggestive of its diteipenoid natiiie However, from the above 
discussion, an mterestmg vaiiation in the usual diterpenoid structure would 
be offered if it should be confirmed that the 6 position of the perhydro 
phenanthrene rmg system is im oh ed instead of position 7, as m the case 
of the legulai diterpenes If position 6 oiiginally bears an isopropyl group, 
it w ould still be compatible mth the isoprene rule 

On an empincal basis, there has been the suggestion that atisme (2) is o 
pentacychc character, smce the presence of tw o double bonds can be shown 
by hydrogenation The perhydrophenanthiene img system would accoun 
loi three of the imgs, while a fourth nng must contain the nitrogen 
It IS still possible that the “fifth rmg” mav be accounted for by an iso a 
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double bond which has lesisted hydrogenation procedures and has thereby 
escaped detection If this should prove to be so, atisine would be of tetra- 
cychc character Tins is a question under further study 
Because of the labonous procedure required to obtain the CitHu hydro- 
carbon from atisme, itself an alkaloid available only ivith difficulty, and 
because of the mtncacies of the fractionation processes involved, some of 
the results and conclusions presented can be regarded only as tentative and 
will require confirmation u henever possible They are, however, now pre- 
sented because of their importance to the difficult problem of the structure 
of this group of alkaloids 


EXPERIMENTAL 

The QuinoiiL, CnHuOi,fromtheCnHit Hydrocarbon — Asolutionof 137 mg 
of the hydrocarbon m 0 40 cc of acetic acid was treated ivith 0 27 gm of 
chromic oxide dissolved in 0 27 cc of xvater and 1 37 cc of acetic acid 
The mixture was heated on the steam bath for 7 hours and then left at 0° 
ovenught 50 mg of orange-yellow crystals were collected with a httle 
cold acetone After recrystaUization from acetone, the substance melted 
at 149-151° 

CijHi.O Calculated, C 81 57, H 5 63, found, C 81 40, H 5 88 

Oxidation of Quinone with Potassium Permanganate Diphenyltetra- 
carboxylic Acid — 390 mg of the qumone were oxidized wth permanganate 
according to the directions of Bucher (3) After removal of excess per- 
manganate, the concentrated and acidified solution was exhaustively ex- 
tracted with ether The acid layer was set aside to be treated further, as 
desenbed below The ether extracts gave a crystallme residue of 325 mg 
After recrystalhzation from acetone, 195 mg of well formed needles were 
obtamed which melted at 340-345°, dependmg somew'hat on the rate of 
heatmg There was a certam amount of decomposition and sublimation 
at the meltmg point 

CuHioO, Calculated, C 58 17, H 3 05, found, C 58 30, H 3 21 

When a mixtuie of the acid xvith an equivalent of resoremol and a drop 
of H 2 SO 1 was heated for a few mmutes at 160°, a reddish color developed 
On treatment of the product with dilute NaOH, the bnlhant and typical 
greenish yellow' fluoiescence of a fiuorescem was apparent 

90 mg of the tetracaiboxyhc acid were estenfied m acetone solution 
wnth diazomethane 82 mg of well formed plates or prisms of the tetra- 
methyl ester crvstalhzed from ethei After recrystalhzation from benzene, 
the meltmg point remained unchanged at 149-150° 
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CjsHnO, Calculated C 63 15, H 4 66. OCH. 32 11 

Found “ 62 11, " 5 00, “ 32 40 

0 1425 gm of the tetramethyl ester was refluxed m a mixture of 2 000 cc 
of 1 005 N NaOH and 2 0 cc of methanol for 75 minutes The solution 
was titrated back against phenolphthalem ivith HCl 1 210 cc of 0 1 x 
alkah u ere consumed Calculated for 3 eqmvalents, 1 252 cc 

The titration mixture uas concentrated to remove methanol, and acidi 
fled with HCI The acid was extracted inth ether and crystaUized from 
acetone It melted at 338-341“ and proved to be the monomethyl ester 

GijHnO, Calculated C 59 28, H 3 52, OCH, 9 00 

Found " 59 45, " 3 69, “ 9 11 

Attempted Oxidation of Diphenyllelracarboxylic Acid The Monoanhy 
dnde (?) — 100 mg of the acid were treated m a short test-tube inth a small 
drop of 50 per cent manganous nitrate and 0 5 cc of HNO, (1 5) The 
mixture nas heated on the steam bath until the volume iias reduced to 
about half and then more HNOj was added After being heated for an 
hour longer, the mixture nas allowed to crystalhze at room temperature 
overnight 53 mg were collected inth a few drops of HNOj It ciys 
tallized fiom acetone m fine shoit needles which melted at 338-340°, and 
on analysis was found to be the monoanhydnde 

C, JlsOr Calculated, C 61 52, H 2 58, found, C 61 28, H 2 75 

1 21 mg of substance were heated wath 0 200 cc of 0 1035 N NaOH on 
the steam bath for 2 hours, and titrated back against phenolphthalem 
0 145 cc w'as consumed Calculated foi 4 equivalents, 0 150 cc 

Benzenctncarboxyhc Tnmethyl Ester {Hemimellitic Ester?) — The mother 
hquors from the crystalhzation of the above diphenyltetracarboxyhc acid 
w'ere combmed and estenfied in acetone w ith chazoraethane The resulting 
mixture of esters, which amounted to approximately 420 mg, was frac 
tionated at 0 2 mm Three approximately equal fractions were obtained, 
of w'hich the second and third appeared to consist mamly of the tetrameth^ 
ester of the above tetiacarboxylic acid How ever, the first fraction yielded 
other matenal w hich could be obtamed by fractional ciystalhzation from 
acetone and ether, and which melted at 93-98° There was insufficient 
matenal foi final punfication The melting point of the hemimelhtie tn 
methyl estei has been leported as 100-101° (4) 

C, H„0, CalouHted, C 57 12, H 4 SO, found, C 57 04, H 4 88 

Benzenelncarboxyhc And {Tnmelhhc Acid?) — Other crystallme raater^ 
was obtained fiom Fraction 1 with a highei melting point, which 
to consist mamly of the estei of the tetracarboxyhc acid However, e 
mother hquors of the above benzenetncaiboxyhc acid also yielded ma n 
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which i\ ould not crystalhze This amounted to about 75 mg or alnfost 
half the fraction It was a rather mobile oil which distilled readily at 
100° at 0 2 mm It was heated at 110“ m a sealed tube with 2 cc of HCl 
(1 19) for 2 hours The concentrated mixture yielded a shghtly brown 
residue from which some of the color w'as removed with bone-black m 
acetone Fractional crystallization from acetone and benzene gave a small 
amount of i\ ell defined, short, stout needles w hich smtered at 217° and melted 
at 220-227“ There was insufficient matenal for further purification The 
meltmg pomt of tnmellitic acid is given as 228° (4) 

C,H,Oi Calculated, C 51 42, H 2 88, found, C 51 44, H 3 03 

Invesitgalion of Actd Aqueous Layer from Permanganate Oxidation The 
Ester, CoHaOi — The aqueous layer which remamed after ether extraction 
of the acid oxidation products was treated with excess sodium carbonate 
and evaporated to dryness Smce the residue, although mostly an mor- 
gamc mixture, still contamed organic matenal, it was suspended m acetone 
and treated xvith excess diazomethane After filtration, the filtrate on 
concentration gave a residue which was dissolved m ether and agam fil- 
tered The filtrate now yielded 114 mg of residue, which proved to be a 
mixture of esters Tivo substances were isolated from this by fractional 
crystallization from acetone and from benzene One of these proved to 
be the ester of the above diphenyltetracarboxyhc acid The other ester, 
although with almost the identical meltmg pomt, proved to be a different 
substance It crystaUized from acetone or benzene m hexagonal platelets 
which melted at 148-149° The substance xvas found to be identical with 
a substance obtamed m almost the same way by the oxidation of retene, 
as reported m Paper XIII of this senes (6) It is apparently the tnmethyl 
ester of a dicarboxyphenylglyoxyhc acid A mixed meltmg pomt showed 
no depression 

CiiHijO, Calculated, C 55 70, H 4 32, found, C 56 02, H 4 44 
All analyses were performed by Mr D Rigakos of this laboratory 
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NOTE ON THE TOTAL OSMOTIC ACTIVITY OF HUMAN 
PLASMA OR SERUM 

By NATHAN LIFSON 

{From the Department of Physiology, Umvereity of Minnesota Medical School, 

Minneapolis) 

(Received for publication, December 20, 1943) 

The purpose of this communication is to present data obtained by the 
thermoelectnc vapor tension method of Hill and Baldes on the follorvmg 
aspects of the total osmotic activity of the plasma or serum of normal 
humans (a) variabihty m the same individual in the same day, (b) vana- 
bihtj m the same mdividuals from day to day, (c) effect of complete 
deprivation of both food and watei The information on these pomts in 
the literature appears to be, at best, very fragmentary 

Methods 

The subjects were apparently healthy white males, aged 20 to 35 years 
Blood was taken by synnge and needle from the antecubital vein of the 
seated subject The latter compressed the upper arm rvith his free hand 
until the vem was entered, the pressure lasting perhaps 5 seconds After a 
delay of an additional 2 to 5 seconds, from 4 to 7 cc of blood were diawm 
under mmeral oil No muscular movements of the arm from which the 
blood was taken were permitted Subsequent procedure depended upon 
whether plasma or serum was to be obtained IVhen plasma was desired, 
the blood was transferred immediately under mineral oil to centrifuge tubes 
containing 2 to 3 cc of oil plus not more than 1 mg of dry heparin (Con- 
naught) Frequently the air space above the oil w as replaced by alveolar 
air After being corked, the tubes weie placed in the refiigerator for from 
a few moments to 2 to 3 hours, whereupon they were centrifuged for 15 to 
30 minutes and the plasma removed prepaiatory to determination of os- 
motic activity When serum was desired, the procedure differed onlv in 
that hepajm was omitted and coagulation was allowed to proceed m the 
refrigerator for at least 30 mmutes The samples were stored in the re- 
frigerator except when removed for analysis Piehmmary experiments 
mdicated that seimm and heparmized plasma may be considered as equi\ a- 
lent m osmotic activity, and that refiigeratoi storage for as long as 7 days 
did not significantly change the osmotic activity of the serum or plasma 

Osmotic activity w'as measured by the theimoelectnc vapor tension 
method of Hill and Baldes (1,2) at a temper atuie of 37 5° and in a gas phase 
of 5 per cent COj in oxygen In all but a xei’y few instances, the analyses 
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Mere performed m duplicate or triplicate The results are expressed in 
terms of the concentration m milheqmvalents per lolo of water of an 
isosmotic NaCl solution The reference solution, the solution on the walls 
of the thermocouple chamber, and the unknoMm sample were always within 
8 milhequivalents per kilo of water of one another m osmotic activity \ 
difference between samples of more than 1 2 milhequivalents per kilo is of 
statistical significance (3) No correction was made for the osmotic activ- 
ity of the CO 2 which dissolves m the reference NaCl solution, this amounts 
to approximately 0 6 mdliequivalent per kilo 
The experiments w'ere carried out beta een May 27, 1942, and August 5, 
1942 Durmg this period, according to the data for Minneapolis of the 


Table I 

Vanahilily of Osmotic Activity of Serum or Plasma in Same Individnal within Same 

Day 


The values are given in terms of milhequivalents of NaCl per kilo of water Sam 
pie Pairs 6 to 9 were obtained under conditions of complete fast 


Sample pair No 

Subject 


OsmoUc activity 


Ajn 

?jn 

Chaa^ (pao — i-n ) 

1 

I A 

152 4 

153 1 

+0 7 

2 

P E 

167 3 

158 2 

+0 9 

3 

W K 

156 7 

156 6 

-0 1 

4 

V L 

153 3 

153 0 

-0 3 

5 

B T 

153 3 


-0 3 

6 

I A 

153 8 


-1 5 

7 

F K 

153 0 


+2 0 

8 

W K 

152 6 

153 4 

+0 8 

9 

V L 

154 4 

153 4 

-1 0 


Umted States Weather Bureau, the mean daily temperature ranged from 
12-31°, the relative humidity readmgs ranged from 32 to 99 per cent, and 
the wmd velocity averaged 9 to 10 miles per hour 

Results 

Vanabthty of Osmohc Aclivtly of Serum or Plasma in Same Individual 
within Same Day — ^The data have been listed m Table I Sample fiaire 
1 to 5 were obtained without any restrictions imposed upon the subjec , 
except that no unusual behavior (food and water mtake (4, 5), muscu ar 
exertion (5), etc ) w as indulged m The differences between moinmg an 
afternoon samples under these conditions were all less than 1 0 miUiequiva 
lent per kilo of water The values for sample Pairs 6 to 9 were 0 
xvith the subjects refrainmg from takmg food or drink during t e expe 
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mental period The variations are noted to be 0 8 to 2 0 nulhequivalents 
per kilo, but with no constancy in the direction of the change 
Day io Day Varialtons m Osinoitc Activity of Serum or Plasma — The data 
have been listed in Table II, wherem it will be noted that for the seven 
subjects studied over a period of 8 to 57 days, the range of mdividual varia- 
tion m osmotic activity of serum or plasma was from 1 6 to 6 2 milhequiva- 
lents per kilo A study of the sequence of the values did not reveal any 
obvious reason for the observed variations 
Effect of Deprivation of Both Food and Drink — Under the conditions of our 
experiments, no significant change in osmotic activity of serum or plasma 
occurred before 24 hours of complete fast had elapsed One 48 hour 
complete fast was conducted in August, 1942, during which there prevailed 


Table II 

Day to Day Variations in Osmotic Activity of Serum or Plasma 


The values are given in nulhequivalents of NaCl per kilo of water 


Subject j 

Period covered 

Ko of davs 
sampled 

1 

No of 

Osmotic activity 

samples 

! 

Absolute range 

Difierential 

range 

I A 

days 

57 

6 

8 

152 3-155 9 

3 6 

A G 

35 

3 

3 

152 5-156 2 

3 7 

F K 

14 

3 

5 

153 0-158 2 

5 2 

W K 

14 

5 


152 4-156 7 

4 3 

N L 

8 

4 


154 6-156 2 

1 6 

V L 

13 

5 


163 0-156 5 

3 5 

B T 

16 

5 


151 1-164 0 

2 9 


an environmental temperature range of 18-29°, and a relative humidity 
range of 47 to 94 per cent Control determmations of the serum osmotic 
activity on four different days displayed a range of vanation of 1 6 mi U i - 
equivalents per kilo After 40 hours of complete fast, the serum osmotic 
activity had risen 1 3 nulhequivalents per kilo above the mean of the con- 
trol values, and after 48 hours, it had mcreased an additional 1 2 m i l h - 
equivalents per kilo At this time the subject had lost 3 4 per cent of his 
body weight 16 hours after temunation of the fast, the osmotic activity 
of the serum had fallen 4 5 milheqmvalents per kilo to a value 2 milheqmva- 
lents per kilo below the mean of the control values However, no single 
observation was outside the range which was noted for normals (see below) 
Total Osmotic Activity of Normal Human Blood — In Table III have been 
placed the characteristics of the distributions of osmotic activity for normal 
blood as determmed by the thermoelectric vapor tension method The 
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mean for our senes of tnenty-eight subjects was 155 5 milliequivaleats pet 
kilo, with a standard deviation of the distnbution of 1 9 milhequivalents per 
kilo, and a range from 152 to 159 milliequivalents per kilo When seieral 
values were available for a single subject, these uere a% eraged, so that each 
individual was represented only once m this series 
The means reported by Culbert (6), by Benham et al (7),' and that 
of the present senes he between 154 and 156 milliequivalents per kilo, 
and the standard deviations of the distnbutions vary from 1 9 to 3 1 
milhequivalents per kilo These mean values are about 6 milheqmva 
lents per kilo lower than the mean (161 6 ± 1 2 milhequivalents per kdo) 
reported by Margaria for adult males (5) It is concluded that the values 

Table III 

Companion of Distnbultons Preienied Vartotia ImiMtigators for Osmotic Aclwity 
of Normal Human “Blood" d.s Determined by Thermoelectric Vapor Tension 

Method 


The values are given m milhequivalents of NaCl per kilo of water 


Id\ estimator | 

Method j 

1 

Suaple 

Location j 

i 

Subjects 

htean ! 

dis- 

Utbu 

tioa 


Margana 

Hill 

Defifannated 

1 

England 

19 adult 

161 6 

1 2 1 

159-164 



blood 




i 






16 adult fe : 

158 6 

1 5 

Io5-I60 





males 




Culbert 

H 

it 

Xen York 

30 boja 

154 1 

2 9 

' 14S-160 





20 girls 

154 9 

! 2 9 

146-159 

Benham et 

Baldes 

I Serum 

England 

: 21 adults 

t 156 0 

3 1 

lal-163 

al 

i 




j 



Present 

it 

" or 

Minne 

j 23 adult 

1 155 5 

1 9 

Io2-159 

data 


plasma 

j apolis 

1 males 

I 

i 




reported by Margana are probablj’' erroneously high, as suggested eaiher 
by Baldes, who also states that, “Undoubtedly, the measurements [of 
Margana] were not as accurate as some made subsequently ” (8) 

SUMMARY 

For the total osmotic actu itj of the serum or plasma of normal adult 
human males, it was found that (a) the imnation from mornmg to afternoon 
did not exceed 2 0 mdheqiuvalents per kilo of water, (5) the vanation rom 

1 The results for the glaucomatous and non glaucomatous subjects of 
el al have been combined Since there was no significant difference ° 
activity of the serum between these two groups of patients with dishes o ' 

they have been considered as “normal" for purposes of the present discussion 
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day to day vn the same individual ranged from I 6 to 5 2 milhequivalents 
per kilo, (c) deprivation of both food and water for 24 hours produced no 
significant change under the conditions of these experiments The results 
of one 48 hour period are descnbed 

For twenty-eight subjects, the mean total osmotic activity of the serum 
or plasma of normal adult human males was found to be 155 5 milhequiva- 
lents per kilo, with a range of 152 to 159 milhequivalents per kilo, and a 
standard deviation of the distribution of 1 9 milhequivalents per kilo 
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INFLUENCE OF SULFANILAMIDE ON THE GERMINATION 

OF SEEDS 
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Sdo Paulo, Brazil) 

(Received for publicatiOD, November 1, 1943) 

Sulfanilamide is a therapeutic agent with the propeity of acting upon 
certain bacterial cells, considered as plant cells , therefore it should be rea- 
sonable to mquire as to the possible effect of this drug upon higher organ- 
isms of the same kingdom It is presumable that, if a plant could be influ- 
enced by sulfanilamide, such influence should have greater possibility of 
occurnng m more sensitive organs or in more dehcate stages of plant 
growth, hence we decided to use germmatmg seeds as e\perimental ma- 
terial Followmg some prelimmary tests we chose rice seeds [Oryza saltva), 
in view, above all, of their rapid development In fact, when placed in a 
sufficient degree of humidity, such seeds show beginning development at 
the end of 4 to 5 days and then, after 3 or 4 more days, they attain con- 
siderable dimensions of stem as w ell as of the prmcipal root (3 5 to 5 cm ) 
It must be said, however, that several other seeds e\perimented with be- 
haved similarly to rice m regard to the influence of sulfanilamide 
The germination of the seeds was always carried out on Petii dishes in 
which a thick disk of filter paper was placed, thus 10 cc of liquid (water or 
the solution to be examined) could be added to provide the necessaiy con- 
ditions of humidity for gennmation 
Sulfamlamide, starting wuth none and increasing by 1 mg , w as poured 
into a series of eleven Petri plates, each containing 10 cc The concentra- 
tions of the drug therefoie varied as 1 10,000, 2 10,000, 3 10,000, etc 
50 seeds were put in each plate and the plates left at room temperature, 
under a glass bowl, to avoid evaporation 
At the end of 5 days the development of the seeds m Plate 1 (control) 
was evident, as may be seen in Fig 1, the sprouts vaiied m size from 3 to 
6 mm and the roots from 20 to 30 mm In Plate 2 (1 mg of sulfanilamide) 
only 40 per cent of the seeds showed roots of appreciable development, but 
to a lesser degree than those in Plate 1 In Plate 3 (2 mg of sulfanilamide 
in 10 cc ) only 18 per cent of the seeds had more or less developed roots, 
and in Plate 4, but 8 per cent In all the other plates the aspect w as the 
same (Fig 2) the sprouts were of normal appearance but not above 1 to 3 
mm m length and the roots were atrophied m every case, none being more 
than 1 to 4 mm 
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EFFECT OF STJLF\NII<AinDB OX SEEDS 


In the following daj s there w as no change in aspect the effect of the drug 
upon the growth of the embr>o of the seeds was already evident m the 



Fia I fiQ 3 

Fia 1 Normal development of nee seeds sown m 10 CO of distilled water (3th 
day of development) 

Fia 2 Rice seeds sown in 10 CO of sulfamlamide solution m distilled water at 
1 2000 (3th day of de\ elopment) 


TVBtE I 


Aniagontsm between Sulfantlamtde and p-Amtnobenzotc And tn Germination o/ 

Rice Seeds 


Plate No 

I Sulfooilanudc 

1 per cent 

^Anunobenzoic ! 
sc(d 1 per cost j 

DiiliUed water 

Developzaeatol 

«ee<is 


cc 

<e 



1 

0 

0 

10 

++++ 

2 

5 

0 

5 

— 

3 

0 

5 

5 

+4-++ 

4 

1 

1 

S 

++++ 

5 

3 

1 

6 

+++ 

6 

5 

1 

4 

■f 

7 

5 ! 

2 

3 

++ 

S 

5 i 

3 

2 

++++ 

9 

5 

4 

1 

1 ++++ 

10 

5 f 

5 

0 

' ++4-+ 


1 10,000 solution, but more marked m the 1 2000 solution Even 
last solution does not, however, kill the embrjo, which for many 7 ^ 
contmues to have normal aspect and turgescence 

In order to judge the behavior of seeds under the influence of drugs o 



F lUBEIRO 


667 


different type of action fiom that of sulfanilamide, we earned out similar 
tests, employing phenol and arsenobenzene in solutions at 1 10,000 
The seeds in the plates contaming phenol were entirely sterile with no 
evidence of germmation, and in those containmg arsenobenzene about 80 
per cent i\as without germination, whereas m the remammg seeds the 
growth was only retarded, the roots attaining lengths not very different 
from those of the seeds in the control plate 
These results are in accordance \\ ith findmgs on microbial agents While 
sulfanilarmde shows a bacteriostatic action, phenol is a microbicide and 
arsenobenzene, which is a specific agent foi certain microorganisms (spiro- 
chetes), has a lethal effect on the germination of the seeds 
We tned then to ia\ estigate the antagonism existing between sulfanila- 
mide and p ammobenzoic acid In Table I there are indicated the con- 
ditions of the expenment and the lesults observed From these results it 
IS evident that the antagonism of p-ammobenzoic acid, in relation to sul- 
fanilamide, is the same as in cultures of bactena 
It seems reasonable to us that this techmque for investigating the action 
of sulfanilamide may permit attacking problems of which the solution 
w ould not be possible by expenments in vivo, or even in microbial cultures, 
as for example, facilitating the study of the mechanism of action of the 
drug 




A E/VPID SPECTEOFHOTOMETRIC METHOD FOR THE 
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CIRBONYLHEMOGLOBIN IN BLOOD 
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(From the Division of Industrial Hygiene, National Institute of Health, 
Bethesda, Maryland) 

(Received for publication, August 18, ISIS) 

Little use has thus far been made of the near infra-red spectrum for the 
identification and determination of hemoglobin and its derivatives Bj 
means of infra-red photography Eggert (1) established the transparency of 
carbon mono\ide-saturated blood and used this property for the qualitative 
detection of carbon mono\ide poisoning Eggert’s observations were 
extended and placed on a more quantitative basis by Merkelbach (2) A 
furthei advance was made b\ Matthes and Gross (3) who developed a 
method for the determmation of the carbon monoxide content of blood 
ill mvo m Mhich the absorption of red and infra-red radiation by flowmg 
blood Mas measured in the eai lobe A band for reduced hemoglobin at 
7550 A has been descnbed bj Sidnell, Munch, Barron, and Hogness (4) 
and emplojed bj these Moikeis for the spectrophotometnc determination 
of the degree of o\\ genation of hemoglobin solutions 

In the near mfra-ied region of the spectrum, betueen 7000 and 10,000 A, 
the hemoglobin dernatnes have absorption bands which, because of then 
loiiei specific absorption, become apparent only ivhen solutions more 
concentiated than those generalh’^ employed for spectrophotometnc uork 
aie exammed A detailed description of these bands is contained m a 
piexious publication (5) Despite the lower absorption, the large dif- 
ferences between the spectra of methemoglobm and cyanmethemoglobm 
and between oxw hemoglobin and carbonylhemoglobin make this region 
well suited foi analytical pui poses On the basis of these considerations 
we have dec eloped a spectrophotometnc method for the determination ot 
methemoglobm and carbonj Ihemoglobm in blood I he method is rapid 
md accurate and requires only a few manipulations It has an adi antage 
ox'ei existmg methods m that it permits the determination of the total 
hemoglobm, carbonj Ihemoglobm, and methemoglobm content m a single 
blood sample 

Principle of Method 

Foi each sample of blood to be analyzed, three absorption measurements 
aie made From the first of these measurements, in the infra-red, a densiti 
Di IS obtained which may be expiessed as follows 
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DETERMINATION OF MHB AND HBCO 


^ ^'HbOj^HbOj + ‘ilHb ^MHb + ‘HbCO ^HbCO^ ^ 

where «HbOii «iiHb) and «mco are the extinction constants for the wave- 
length interval used and Cnbo., Cjinbi and Cnbco are the concentrations in 
the original blood sample of oxyhemoglobm, methemoglobm, and carbonyl- 
hemoglobin, respectively, di is the dilution factor for the sample measured, 
and L is the length of the bgbt path through the absorption cell 
The sample in the absorption cell is then treated wth KCN to convert 
the methemoglobm present to cyanmethemoglobm, and the density meas- 
ured at the same wave-length mterval 

“ ^'HbOi^HbOi + ‘llHbCN *^MHb + ‘flbCO d'HbCO^ 

where cjmbCN is the extinction constant for cyanmethemoglobm at the 
wave-length used From these two equations the concentration of methe- 
moglobm m the blood sample may be computed 
Essentially the same pnnciple has been employed by Evelyn and 
Malloy (6) for the photoelectric determmation of methemoglobm, with a 
spectral band in the vicimty of 6350 A The mfra-red region is to be pre- 
ferred because the absorption bands are relatively broad and carbonyl- 
hemoglobm and cyanmethemoglobm are more transparent 
The sample is then dduted and a third determination made m the visible 
region 

^ “ ^'itbOi ^HbOi + ‘MHbCN ^MHb + ‘HbCO ^HbCO^ ^ 

where «HbOi> «iiHbcN > and enbco are the respective extmction constants for 
the second spectral mterval and da is the second dilution factor Smce 
f^MHb 13 already known, a solution of Equations 1 and 3 ivill yield the values 
of f^HbOa nnd Cgbco 

Instruments — The method has been apphed to the Coleman spectropho- 
tometer, model lOS, with a 5 mp sht, and to several portable photometers 
especially designed for this purpose These photometers are alike m 
general design but differ somewhat m optical features In every case t e 
hght beam is spht mto two parts each of which ultimately activates one o 

• The molecular extinction coefficient e is defined by the equation D = logis 
tCL where C is the concentration in equivalents per liter and L the cell leng 
This departs somewhat from the notation used in a previous publication (6) in ^ ^ 
the absorption coefficient a was used to designate the coefficients obtaine w 
was expressed in eqmvalents per cc It would appear to be more terms 

general practice to reserve the absorption coefficient a for constants de e m 
of natural loganthms, log, lo/I => aCL 
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a pair of matched photocells ^\hlch are mounted m a balanced electrical 
circuit according to Hanson (7) One light beam passes through the 
absorption cell containmg the sample The second beam traverses some 
arrangement for reducmg the light mtensity to equal that transmitted by 
the absorption cell This consists of either a neutral wedge of density 1 0 
attached to a vernier scale, or a spiral disk designed to reduce the aperture 
of a diaphragm hnearly ivith rotation of the disk The results described 
below were obtamed with a photometer containmg the neutral wedge, 
similar results have also been obtamed with other models m which the 
spiral disk is employed 

Selection of Wave-Lengths — Absorption measurements on the Coleman 
spectrophotometer were made at dial settmgs of 4965 and 8000 A 8000 A 
IS sufficiently close to the maximum for alkahne methemoglobm to afford 
a high sensitivity and m addition is isobestic for oxyhemoglobm and reduced 
hemoglobin, the presence of reduced hemoglobm ivdl therefore not mterfere 
with the determmation For these reasons 8000 A is to be preferred to the 
absorption maximum for oxyhemoglobm at 9200 A, which would be some- 
what more sensitive for the carbonylhemoglobm determmation 

The spectral mterval at 4965 A constitutes an isobestic pomt for oxy- 
hemoglobm and carbonylhemoglobm, so that loss of CO dunng the final 
dilution will not affect the results At each of the spectral mtervals 
selected the absorption curves for all the components concerned are rela- 
tively flat, insurmg a minim um of deviation from Beer’s law 

In the selection of filters for the photometers various combmations w ere 
tested m a search for spectral mtervals isobestic for oxyhemoglobin and 
carbonylhemoglobm m the visible and for oxyhemoglobm and reduced 
hemoglobm m the infra-red region Because the effective spectral mterval 
IS m part a function of the phototube and lamp characteristics, different 
combmations must be tested m every case The particular photometer 
used m this study, equipped with RCA No 919 and No 917 phototubes, 
contamed the foUowmg Commg filters Set 1, No 3385, 1 1 mm , No 5030, 
6 0 mm , No 255, 2 0 mm , Set 2, No 338, 4 0 mm , No 4303, 5 1 mm , 
No 5543, 2 6 mm Set 1 isolates a smtable band m the infra-red region 
m the vicmity of 8000 A and Set 2 a suitable band m the visible region near 
5000 A Although oxyhemoglobm and carbonylhemoglobm are not 
perfectly identical m absorption m the region isolated by Set 2, they are 
sufficiently ahke for the purposes of the method 

Analytical Procedure 

Solutions — Smce the absorption spectrum of methemoglobm is dependent 
upon the pH of the solution, it is necessary to work with buffered solutions 
We have found it most convement to use borate buffer at pH 9 4 24 8 gm 
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of H3BO3 were dissolved in 0 20 N NaOH to a final volume of 1 liter, SO 
cc of this solution were then mixed with 20 cc of 0 20 N NaOH to form the 
stock 0 2 N buffer 

A hemolyzing solution was prepared by dissolving 0 3 gm of saponin 
(Elmer and Amend, pure white grade) in 10 cc of the 0 2 n borate buffei 
and diluting to 100 cc This hemolyzmg solution was freshly prepared 
each morning, since it becomes turbid on standmg 
Absorption Measurements — Blood samples were collected by venipunctuie 
and treated with approximately 0 01 volume of 25 per cent potassium 
oxalate For the absorption measurements, the blood sample was ac- 
curately diluted 1 10 with the hemolyzmg solution and allowed to stand a 
mmute or two to msure complete hemolysis The solution was then 
transferred to the absorption cell and the transmission (Ti) measured at 
8000 A on the Coleman spectrophotometer and the density (Di) with filter 
Set 1 on the photometer The solution m the cell was then treated with 
a few crystals of KCN, stirred, and the transmission (T-) and density (A) 
agam measured on each mstrument at the same xs ax e-length and filter 
settings Fmally, 1 cc was withdrawn horn the absorption cell, diluted 
accurately to 25 cc with water, and the transmission (7j) of tins solution 
measured at 4965 A on the Coleman spectrophotometer and the densitj 
(Da) with filter Set 2 on the photometer 
Calibration of Instruments — For the computation of results from Equa- 
tions 1 to 3, it is necessary to know the moleculai extmction constants foi 
each hemoglobin denvative at each spectral mterval These were detor- 
imned with samples of normal blood from non-smokmg mdividuals, the 
total hemoglobin content of which was detenmned mdependently bj spcc- 
trophotometric analj^es Eacii sample was divided mto three portions 
one portion was completely oxygenated, a second was saturated with CO, 
and the third converted to methemoglobm by the addition of K 3 Fe(CN )6 (30 
mg per cc of blood) Each of these samples was then analyzed m the 
manner described above For the absorption measurements on the methe- 
moglobm solutions the comparison cells w ere filled wath solutions contauiu^ 
equivalent concentrations of ICjFe(CN)fl The transmission xalues 0 
tamed from the Coleman spectrophotometer (A, Ti, and A) "ere con- 
verted to density units (D,, D-, and Df) bv the following equation 

0 = log - 

From the calibration samples the extmction constants were computed hr 
applying the relation 


D^tCL 
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^^he^o t IS the molecular extinction constant for the particular spectral 
region and denvative employed, C is the concentration in equivalents pei 
liter on an Fe basis, and L the length of the absorption cell m cm 

In Table I are listed the extinction constants obtained for each of these 
instruments 

The constants obtamed ivith the Coleman spectrophotometer, because of 
the relatively narrow effective sht ividth used, are similar to those previ- 
ously published for precise spectrophotometnc work The constants ob- 
tamed mth the photometer, however, differ widely from those obtamed 
with monochromatic hght, because of the difficulty of obtaimng narrow 
mtervals by means of filters 


Tabu: I 


Exiinclton Constanta of HemogXohin Denvalives 


Filter TegiQQ 

Instrument ^ 

Extinction constants c X 10"* 

C » 1 equivalent per liter Z, == 1 cm 



HbOi 1 

HbCO 

1 MHb 

MHb CM 

Visible 

Coleman 

5 50 

5 69 

■■ 

7 27 


Photometer 

6 59 

6 93 


8 78 

Infra red 

Coleman 

0 235 

0 055 


0 069 


Photometer 

0 252 

0 050 

mm 

0 064 


From Equations 1 to 3 the following equations may be developed for the 
computation of the results 


(4) 

(5) 

( 6 ) 


R = 


(O, - Df)di 
•‘ilBb "■ 'MHbCN'' 

^MHb ‘ilHb 


~ ^MHb *MHbCN 


/HbCO = 


Rmoi — R 
KnbOi — ifHbCO 


(7) 


dj 


^ C'jjHb 'MHbCN 


C-HbO. + CHbCO = - _ e|j,o.)/HbCOy 


(8) Ctotai = CiiHb + (CnbO. + Cnbco) 

(9) Cnbco = /HbCoCCnbOi -r Cnbco) 

where Cjinb, <^Hbo». and Ctoui are the respective concentrations expressed 
m equivalents per hter, di and dj are the dilution factors, L is the length of 
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the cell, and R is the ratio of the infra-red to the visible absorption, after 
these have been corrected for the absorption due to methemoglobin 
J2 hi,o, and i?Hbco are the ratios for solutions containing these denvatives 
only and may be computed from the cahbration constants /nbco is the 
fraction of ferrous hemoglobm present as HbCO The dilution factors di 
and di were equal to 10 and 250 respectivelj The cell lengths T n ere 1 00 
cm for the wedge photometer and 1 30 cm for the Coleman spectropho- 
tometer 

Substitution of the appropnate values for e from Table I m Equations 
4 to 7 yields the following equations for the particular instruments used 
m these studies 


Coleman Speclrophoiometer 


(4,0) 

CjiHb = (A - A)16 9 X 10'» 

(5, a) 

A — 63 SCjjHb 

A - 37 SCiiHb 

(6, a) 

1 070 " i?obs 

(7, a) 

^ „ (A- 37 8CsiHb)250Xltt-« 

CHbO. + (7flbCO= 7 15 + 0 25/HbCO 


Pholometer 

(4,6) 

CuHb => (A - -0^28 1 X 10-> 

(S.6) 

^ Di~ 42CiiHb 

A "■ SSCanb 

16, b) 

0 954 - it 
/HbCO - yyg 

(7,6) 

(A- 35CMHb)2S0Xl0-> 

CHbO.-bCHbCO- 6 59 + 0 34/HbCO 


When the corrections for the small differences in absorption betneen 
HbCO and HbOj m the visible regions are neglected, Equations 7, a and 
7, b reduce to 

(7, a') CHbO. + CubCO = iD, ~ 37 8<7iiHb)35 0 X lO** 

(7, b') CHbO. + CsbCO =■ (D, - 35CuHb)37 9 X lO'* 

The error mtroduced by this simphfication is neghgible for subletbal 
concentrations of HbCO , 

The computation of results may be greatly simplified by the o 
suitable nomograms m place of the equations presented above 
nomograms have been prepared for the Coleman spectrophotometer an 
the nedge photometer used m these studies 
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Results 

A number of samples of human blood were tieated mth varjnng amounts 
of NaNOs and pure CO to brmg about partial conversion of these samples 
to methemoglobm and carbonylhemoglobm For the same samples the 
CO content as determined by the method of Horvath and Roughton (8) 
and the total and active hemoglobin contents were deteimmed accordmg 
to the procedures described in Peters and Van Slyke (9) In Table II we 
compare the results of the spectrophotometnc analyses with those obtamed 
b} the gasometric methods The nomograms referred to above were used 

Table II 

Comparison of Blood Analyses on Coleman Spectrophotometer and Neutral Wedge 
Photometer with Van Slyke Analyses 


The values are given m milhequivalents per liter 


Sample 

Total hemoglobin 

Methemoglobm 

Carbonylhemoglobm 

No 

Coleman 

Photom 
ctcr 1 

Van Slyke 

Coleman 

Photom 

eter 

Van Slyke 

Coleman 

Photom 

eter 

Van 

Style 

1 

8 

41 

8 

29 

8 

41 

1 

44 

1 

32 

1 

32 

2 

29 

2 

m 

2 

22 

2 

8 

40 

8 

37 

8 

41 

1 

22 

1 

21 

1 

24 

1 

79 

2 


2 

23 

3 

9 

72 

9 

62 

9 

73 

0 

52 

0 

S3 

0 

51 

1 

96 

1 

80 

1 

87 

4 

9 

66 

9 

77 

9 

73 

0 

39 

0 

43 

0 

39 

1 

75 

2 

05 

1 

SO 

5 

10 

18 

10 

27 

10 

27 

0 

08 

0 

IS 

0 

01 

3 

25 

3 

20 

3 

14 

6 

10 

24 

10 

27 

10 

27 

1 

42 

1 

41 

1 

41 

3 

20 

3 

00 

3 

09 

7 

10 

27 

10 

31 

10 

27 

0 

95 

1 

07 

1 

05 

3 

16 

3 

10 

3 

11 

8 

9 

24 

9 

37 

9 

34 

0 

18 

0 

23 

0 

10 

1 

75 

1 

85 

2 

07 

9 

9 

33 

9 

22 

9 

29 

4 

09 

4 

03 

3 

62 

2 

08 

1 

80 

1 

98 

10 

9 

44 

9 

43 

9 

29 

3 

89 

3 

74 

3 

34 

2 

00 

1 

85 

2 

03 

11 

9 

46 

9 

43 

9 

44 

I 

28 

1 

26 

1 

16 

0 

29 

0 

05 

0 

09 

12 

9 

46 

9 

43 

9 

41 

0 

58 

0 

59 

0 

61 

1 

12 

1 

15 

1 

25 

13 

9 

38 

9 

44 

9 

41 

0 

42 

0 

48 

0 

33 

1 

29 

1 

40 

1 

38 

14 

9 

24 

9 

18 

9 

13 

0 

90 

0 

93 

0 

98 

0 

37 

0 

25 

0 

17 

15 

9 

23 

9 

27 

9 

13 

0 

64 

1 0 

63 

0 

38 

1 

75 

1 

65 

1 

64 


for the computation of the spectrophotometnc data, essentially the same 
values are given when the equations are used 
The concentrations of the hemoglobm components m Table II are given 
m terms of mdhequivalents per hter These may be converted to gm per 
100 cc by multiplymg by 1 67, and to volumes per cent by multiplymg 
b3 2 24 


DISCUSSION 

An exammation of Table II discloses that the results of spectrophoto- 
metnc analysis compare very favorably vath results obtamed with the 
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Van Slyke apparatus Standard deviations from the Van Slyke data ha\ e 
been computed and turn out to be 0 07 for total bemoglobm, 0 10 for 
methemoglobm, and 0 14 for carbonjlhemoglobm, for both of the instru- 
ments used The accuracy is thus about 0 7 per cent for total hemoglobin, 
0 9 per cent for methemoglobm, and 1 5 pei cent for carbonylhemoglobin 
Attention is draivui to the unusuallj large discrepancies observed m the 
MHb deternunations m Samples 9 and 10 These results as well as the 
carbonylhemoglobm deternunation on the Coleman spectrophotometer for 
Sample 2 have been oimtted from the computation of standard deviations 
The discrepancies m the methemoglobm deternunations are undoubted!} 
due to a failure of the standard Van Slyke method for total hemoglobm 
mth samples contammg high concentrations of MHb The reproducibihty 
of the Van Slyke method for such samples is very poor, and may be attnb- 
uted to a failure to obtam complete reduction of the MHb with NajSsOt 
It will be observed that the results obtamed from the two photoelectnc 
instruments are m good agreement 

In the visible region the absorption contributed by blood components 
other than hemoglobm is neghgible (5) In the mfra-red region, however, 
an appreciable contribution is made bj absorption and scattermg from 
matenal m the blood plasma and from red cell fragments If normal blood 
IS treated umfoimly, this contiibution is sufficiently constant to permit 
accurate deternunations It has been observed, hov ev er, that the mfra-red 
absorption is mfluenced by the manner m which the blood is collected 
Thus, solutions prepared by immediately hemolyzmg freshly drawn blood 
without the addition of anticoagulant will be appreciably more transparent 
than solutions treated with oxalate m the manner described above Any 


convenient method may be used, provided the cahbration constants are 
detemuned m the same w ay and the same procedure is foUov ed throughout 


Whde the presence of unusually large or small amounts of scattermg oi 
absorbing material has little effect on the deternunation of methemoglobm 
and total hemoglobm, the CO deternunation is more sensitive and may be 
m error by substantial amounts For this deternunation particular care 
must be exercised It is recommended that no samples be taken for sev eral 
hours after a moderately heavy meal The results described m Table I 
were obtamed with samples taken m the forenoon, the subjects havmg 


consumed an unrestricted breakfast , 

If analyses of the methemoglobm content alone are desired, the met o 
may be simplified by elinunatmg the deternunation m the v'lsible region 
In such case the total hemoglobm may be estimated from the absorp ion 
of the ongmal solution, with an accuracj which will depend on t e 


content of the blood 

Scholander and Houghton (10) have recently described a micro gas 
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metric method for the determmation of CO m blood which is simple and 
accurate and suitable for field use It has important advantages over 
the present method m that no photometer is required and smaller blood 
samples can be analyzed It does, however, require a considerable number 
of reagents, whereas the spectrophotometric method requires but one 
readily prepared solution The present method can be used for the 
simultaneous estimation of total hemoglobm and methemoglobm, as well 
as carbonylhenioglobm, and is e\ceedmgly simple and rapid The method 
can readily be adapted to any photometer w hich extends mto the near mfra- 
red region In view of the wide spectral mtervals isolated by the filter 
Si stems employed m the wedge photometer it is felt that the method can 
be successfully applied ivith sufficient accuracy to any spectrophotometer 
w Inch isolates a band no broader than about 300 oi 400 A 

The authors are mdebted to Dr John S Ivirby-Smith for the construction 
of the photometer, to Dr H L Andrews for helpful suggestions, and to 
^Ir William Pricer for the Van Slyke anali ses 

SUMAIART 

1 A simple spectrophotometric method foi the simultaneous determma- 
tion of methemoglobm, carbonylhemoglobin, and total hemoglobm is 
described 

2 Details of the method as applied to the Coleman spectrophotometer 
and to a special photometer constructed for this purpose are given 

3 Results obtained by this method are compared to Van Slyke gaso- 
metric determinations The method is accurate to about 1 per cent 
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Studies Oft Relationship of Femhn and Apofernhn 

Since the discovery by Laufberger (1) of a crystaUizable protein from horse 
spleen containing over 20 per cent of iron, workers in two laboratories 
have studied this interesting material Kuhn and cow orkers (2) repeated 
Laufberger’s experiments and considered this iron protem to be a well 
defined chemical entity contammg 50 per cent of protein, 12 per cent of 
nucleic acid, and 35 per cent of iron hydroxide Gramck (3) and Granick 
and Michaehs (4), however, have made a thorough study of ferntm and 
were not able to confirm the presence of nucleic acid as claimed by Kuhn 
It was of mterest to examine this unusual protem m the ultracentrifuge 
It ought have been expected that the beautifully crystalline material would 
exhibit, like most crystalline proteins, a smgle component m the ultra- 
centnfuge- and thus have a well defined molecular weight Kuhn w'as so 
convmced of the homogeneity of femtm that on the basis of the histidine 
content he advanced the view that the molecular weight of ferntm is a 
multiple of the still problematic Svedberg protein unit (5) 

The present study has shown that crystalhne ferntm is not a well defined 
molecule The views of Kuhn concerning the structure of ferntm, mclud- 
mg his contention that there is 1 iron atom for each peptide Imkage, have 
been proved untenable 

The substances used m this study were kmdly provided by Dr Granick 
whose papers (3, 4) should be consulted for the method of preparation 
Vltracentnfugation of Femhn — When a clear solution of ferntm, which 
has a deep brown color, is submitted to a high centrifugal field, say 150,000 
times gravity, one observes that the colored material sediments rapidly, is 
very heterogeneous, and leaves behind it a colorless, more slowly movmg 
substance, yieldmg a very sharp boundary, ivith a sedimentation constant 
of about 17 Svedberg umts (6) Fig 1 represents a tracmg of a schlieren 
diagram obtamed during such an experiment It was taken 5 minutes 
after a maximum velocity of 43,200 n p m (mean radius 6 5 cm ) w as 
reached This experiment demonstrates that ferntm is not a chemical 
entity but is a mixture of a colorless, homogeneous protem and a hetero- 
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geneous, coloied material of large particle size The next step nas to 
detei-mme the nature of these two components, to estimate the sizes of the 
particles and then relative amounts in the mixture The methods used 
w ill be descnbed later in the paper 

It has been reported by previous workers that the amount of iron m 
ferritin vanes shghtly accordmg to the preparation Gramck has isolated 
ferritm from horse spleen with an iron content as low as 18 per cent and as 
high as 23 per cent (3) This fact alone is an mdication of the hetero- 
geneity of ferritm It w as found m this mvestigation, by analysis of the 
sedimentation patterns, that the colorless protem part amounted to 19 per 
cent m a preparation with 20 2 per cent iron, whereas m another sample 
containing 17 7 per cent non about 26 per cent of the material consisted of 
the coloiless protein The variation in iron content arises, therefore, in 



part at least, fiom the variable proportions of colorless protem in the mL\- 
tuie called ferritm 

An important contiibution to the study of ferritm was made by Gramck 
and hlichaehs (4) w hen they found that they could remove the iron from 
ferritm by' chemical means, without denaturmg the protem The latter, 
which they named apofeiritm, could then be civstalhzed as easily as ferntm 
Its crystals were simdai to those of ferritm except that they were colorless, 
instead ot deep blown Apoferntin has been found to be a very homo- 
geneous piotem and was therefore selected foi a study of the present ac- 
curacy of the ultracentnfugal method for determimng molecular weig ts 
to be gi\ en m the second part of this papei As will be seen, the molecu ar 
weight of apofeintin was calculated to be 470,000 from the sedimentation 
constant (sao = 17 6 Svedberg umts), the diffusion constant, an e 
specific \ olume The sedunentmg boundary of apoferntm can be seen m 
Fig 2, a and 6, from which it appears that there was also present a sma 
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amount of a heaviei piotein (s 25 Svedberg units) ivhose percentage 
varied slightly in the different samples tested It amounted to 1 per cent 
m Fig 2, a and 8 per cent in Fig 2, b 
Smce the free colorless component (Fig 1) of ferritin was found to have 
the same sedimentation constant as apofemtm, 17 Svedberg units, the 
identity of the two components was tested by separating the colorless 
material in the centrifuge w’lth the aid of separation cells The separation 
cells were Incite sector-shaped cells of 4° aperture, 12 mm thick, and pro- 
vided with a perfoiated partition situated at one-third of their length from 



Fia 2 Sedimentation patterns of horse apoferritin (o) Experiment 1 of Table 
III, 23 minutes after reaching the maximum speed (43,200 r p m ) , (6) Experiment 23 
of Table III, 32 minutes after reaching the maximum speed (43,200 n p u ) , (c) Experi- 
ment 23 of Table III Ten successive exposures have been superimposed on the same 
plate The time interval was 9 minutes with the exception of the interval between 
the fourth and the fifth exposures which was 10 minutes, and that between the fifth 
and the sixth which was 8 minutes, (d) Experiment 28 of Table III, velocity 43,200 
RPu , nine superimposed exposures at 10 minute intervals, (e) Experiment 30 of 
Table III, velocity 54,000 r p m , nine superimposed exposures at 10 minute intervals 
Note how much sharper the patterns are in this experiment at low temperature than 
those of (d) made at room temperature 

the bottom The partition w as covered xvith a piece of filter paper w hich 
prevented mixing when, to collect the solution from the upper and lower 
chambere, the rotor was removed from the shaft after an experiment 
The separation w'as apparently as good as indicated by the schlieren pattern 
observed before the rotor came to rest The protein thus isolated in pure 
form w a"! crystallized by Granick and found to be identical with apofemtm 
However, the question of the identity wnth apofemtm of the piotein at- 
tached to the iron hydroxide remained In this connection, Granick and 
Michaelis have been able, by chemical means, to recover at least 84 per cent 
of the nitrogen of ferritin as apofemtm nitrogen As mentioned above, 
between 20 and 25 per cent only oi free apofemtm is present in ferritin, so 
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that one may conclude theieftom that the major part of apofeiritm is bound 
to iron hydi o\ide Fi ee apoferntm is not m an easily reversible equilibrium 
a ith the iron-beaung complex, as show n bv the followmg expeiiment The 
complex w as sepaiated from most of its fiee apoferiitin by ele\ en successive 
centrifugal fractionations From this isolated iron complex ultiacentnfuge 
patterns demonstrated that no further apoferntm sepaiated, at least during 
seveial following days 

As mentioned above, the ultiacentnfuge studies show that the particles 
of the apoferutin-iion complex are not umfoim However, m spite of this 
heterogeneity the size of the average particle can be estimated from the 
aveiage sedimentation rate From the usual sedimentation equation it 
follows that if 2 molecules, A and B, have the same asymmetiy factor, the 
folloivmg relation holds 


/ l - Fbp \sa 
[l - VAfl/sn “ 


( 1 ) 


where s, J/, and V are the sedimentation constant, the molecular weight, 
and the specific volume of the sedimenting molecules, respectively, and p 
IS the density of the medium 

If It is assumed that apoferntm and the iron complex have the same 
asymmetry factor, it follows from the above equation, since Fjpci = 
0 747, 7»mpio, = 0 55 (this value was calculated from the experimental 
value Ft„riun = 0 589), p 1, = 18 Svedberg units, Sampi.i “ 

65 Svedberg units, that the weight of the average iron complex is about 2 8 
times that of apoferntm Consequently, since there is about 3S per cent 
iron hydroxide in the iron complex, its pai tide contains on the average 2 
molecules of apoferntm plus the iron hydroxide 

The lack of discontinuity m the wndely spread boundaty of the iron 
complex indicates that the size of the iron hydroxide unit is not uniform, 
and IS on the average much smaller than the molecule of apoferntm The 
available evidence therefrom is that iron atoms are not bound stoicluo- 
metrically to apoferritm, but are piesent as non hydroxide micelles of 
various sizes combined w ith the apoferntm molecules 

Attempts by Miehaehs, Coryell, and Granick (7) to make ferritin fmm 
apoferntm and non hydroxide haie been, however, unsuccessful T e 
preparations of colloidal feme hydroxide they used were found to 
polydisperse m the ultiacentnfuge The average sedimentation constan 
of the iron hydroxide micelle was 150 Svedberg units m one of their mos 
finely dispersed preparations * With the aid of Equation 1 this lea s o 
the conclusion that the average iron hydroxide micelle was approxama ey 

1 This was the material referred to as Preparation T m the paper by Michae , 
Coryell, and Granick (7) 



A ROTHE'J 


683 


3 times the size of the apoferritin-iron complex (The specific volume of 
iron hydroxide was assumed to be 0 260 ) Thus the size of the iron hy- 
droxide micelles probably prevented them from entering the molecular 
stiuctuie of apoferntin 

Two preliminary eleetrophorcsis experiments were earned out with 
ferntm m a Tiselius apparatus at pH 4 5 (acetate buffer) and 7 5 (veronal 
buffer) At both pH values a single sharp boundary w as observed The 
protein thus moves with the same mobility whether or not it carnes iron 
hjdroxide micelles Since electrophoietic mobilities depend upon surface 
charge densities, it w ould appear, therefore, that the iron hydroxide micelles 
do not affect the electrical state of the surface of apoferntin 

It IS of interest to mention the fact that Kuhn (2) found that the optical 
activity of ferntm is of the ordei of magnitude of that of most proteins 
This IS also an indication that iron is not chemically bound to apoferntin 
If it were bound, it might, indeed, have been expected that the strong ab- 
sorption band m the violet region w ould be anisotropic and exhibit circiilai 



Fig 3 Sedimentation patterns of human apoferntin (a) Experiment 31 of Table 
III, 28 minutes after reaching the maximum speed of 46,800, (6) Experiment 31 of 
Table III, seven successive pictures taken at 12 minute intervals 

dichroism with an anomalous rotatory dispersion in that band (Cotton 
effect) Consequently the optical rotation in the j'ellow part of the 
spectrum would be influenced appreciably It is planned to study the 
rotatory dispersion of ferntm and apoferntin to make this point certain 
It w as of interest to examine ferntm from other animals than the horse 
to discover whether species diffeiences could be detected Materials from 
man and dog were studied On account of the polydisperse nature of 
ferntm, the rates of sedimentation of the apofeintm were studied 

It IS apparent from Column 7 of Table III that the constants of sedi- 
mentation of human, horse, and dog apoferritm are very nearlj the same 
The same value is obtained for human and horse apoferntin (sfo = 17 6 
Svedberg units extiapolated to zero concentration), whereas the constant 
of dog apoferntin is 3 per cent greater (s?o = 18 1 Svedberg units) Schli- 
eren patterns of sedimenting human apoferritm can be seen m Fig 3, a and 
b It IS obseived that human apofeintm as well as horse apoferntin (see 
Fig 2, a and 6) contains a small percentage of a larger protem wath s 25 
Svedberg units 
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It has often been reported (8) that a large protein with a constant of 
sedimentation of 18 to 19 Svedberg umts (a value very close to that found 
for apoferntin) is present in very small amounts in human and m horse sera 
The possibility was then open that apoferritm and this large protein might 
be the same material If they were, it meant that apoferntin, an iron 
carrier, was free in the blood stream A horse globulin fraction was there- 
fore prepared by Gramck and submitted to eight successive fractionations 
m the ultracentrifuge The final product contained over 90 per cent of 
the heavy component whose sedimentation constant was sjo = 19 6 Sved- 
berg units, a value significantly higher than that found for apoferritm (see 
Fig 4) Hence the two proteins are not the same Gramck was unable to 
crystallize this matenal and, furthermore, found that it did not gneany 
precipitm leaction wuth anti-horse apoferritm immune serum Although 
the constant of sedimentation of this heavy globulin was only slightly larger 
than that of apoferntin, the shapes of the molecules of these two proteins 


, ' ^ A— ^ 

m, 


Fiq 4 (o) sedimentation pattern of heavy horse globulin fraction obtained in a 
separation cell after eight successive fractional ultracentrifugations 4 small amount 
of residual globulin can be seen to the right of the main component with s W Sved 
berg umts The discontmmty observed in the base line to the left is due to the 
partition in the cell (6) Experiment 39 of Table III, seven pictures at successive 
intervals, from left to right, of 12, 14, 10, 12, 12, and 12 minutes 

were found to be strikingly different The diffusion constant of the heavy 
globulm (as reported by Svedberg) is Dio = 1 8 X 10~^ whereas that of 
apoferntin is tivice as large, Dio = 3 7 X 10~’, ivith a molecular weight of 
about 470,000 The calculated asymmetry factor f/fo is 1 8 (heaiT gloh' 
ulm) and 1 14 (apoferritm) This shows that the heavy globulm molecule 
IS evtremely asymmetnc wnth an axis ratio of the order of 1 15 
Determinahoti of Amount of Free Apoferntin in Ferritin — The amount o 
free apoferntin present in ferntm was determined fay two methods whic 
gave identical results The first method consists m raeasurmg the 
under the curve of the sedimentation boundary {3n/dx against x), whic is 
proportional to the concentration Experiments made with pure apo- 
ferntm showed that, with the optical system m use, a 1 per cent solution m 
a 12 mm cell gave, for a slit angle of 35°, an area of 0 41 sq cm after ^ 
rection for decrease m concentration during the run In many cases 
value remamed remarkably constant whether the boundar}' was near 
meniscus or near the bottom of the cell In a few cases, however, a 
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crease in area (after correction) sometimes as large as 15 pei cent was 
obsen’ed uhen the boundary approached the bottom of the cell This 
abnormal decrease is tentatively explained on the assumption that the cell 
might not ha\ e been in perfect alignment and that some matenal escaped 
from the solution by sliding down along the \\ all to the bottom 
The ratio of the area under the apoferritm boundary to the total aiea is 
equal to the percentage of free apoferritm provided tivo coirections are 
made, first, the areas are to be multiplied by the factor r^/r^ (rt and are 
the distances from the center of rotation to the boundary arid the meniscus 
respectively), and second, they should be biought to a common refractive 
mde\ increment Refractive index increments were therefore measured 
wnth a Pulfrich refractometer m a constant temperature room at 25“, on 
dialyzed solutions of apoferritm, ferritin, and iron hydroxide The results 
have been summarized m Table I The precision of the values of An/c is 

Table I 


Refractive Index Increments of Apoferritm and Iron Hydroxide 


SubsUnce 

Concentration 


C 

Apoferntm 

Ptr cent 

1 11 

0 00192 

0 00173 

Femtm (17 7% iron) 

1 49 

0 00273 

0 00183 

Iron hydroxide 

0 281 

0 00061 

0 00218 


about 1 or 2 per cent Ass umin g the mcrement of femtm to be an additive 
function, one can calculate its mcrement from those of apoferritm and iron 
hydroxide, smce the concentration m iron is known The calculated value 
0 00185 is m good agreement with the experimental one 0 00183 
The results of two representative experiments to determme the amount 
of free apoferritm from area relationship have been summarized m Table II 
The figures m Column 2 indicate the tune at which the exposures were 
made after the centrifuge had reached maximum speed The figures m 
Columns 5 and 6 have been obtamed by multiplymg the values m Columns 
3 and 4 by the factors rl/r^, The total areas m Column 7 have been 
obtained by multiphymg the values m Column 5 by the refractive mdex 
ratio 173/183 from the data m Table I 
The second method used to determme the percentage of free apoferritm 
m ferntm was as follows A dialyzed solution of ferntm of known concentra- 
tion was centrifuged m a separation cell After it was visually observed 
that all of the iron complex had sedimented below the partition, the centri- 
fuge was stopped and an exposure was made at low speed just before the 
rotor came to rest From the position of the boimdary of free apoferntm 
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and the dimensions of the cell (1 2 cm cell with an aperture of 4'’) the 
amount of free apoferntm left m the upper chamber after centrifugation 
was given bj the foUoumg equation 

4 r’ 

Gm apoferntm = “ 1 2a-(r* — rj) — C 
360 ^ rj 

where r^, n, and r„ are the distances from the center of rotation to the 
partition, boundarj, and meniscus respectivelj , and C is the unknoim 
concentration (gm per cent) of fiee apoferntm m the original solution 


Table II 


Deterwination of Free Apofemlinfrom Area Relationship 


Expennierul coa-ditions 

fll 

time 

(3) 

Area 

Area 
coritcted 
for decrease m 
roArenUatiOS 

\rea cor 
reeled for 
refractive 
index 

C 

Sc 
c « 

> w 

"is 

*3 a 
a: 

(5) 

Total 

(3) 

Apo 

fern 

tin 

W 

Toul 

(5) 

AST 

ua 

(6) 

Total 

u> 

Apo- 

fern 

un 

(S) 











lUA 


fjp» 

fm 

cw 

erf 

m 


Iron content 17 7%, concentra- 

2 





0 74. 



tion of solution 1 h%, cell 12 

4 








mm thick, 43,200 a p u , 23 5°, 

0 





0 74 



35“ slit angle 

13 




0 19 


0 19 

26 


18 




0 175 


0 175 

24 


34 




0 175 


0 175 

24 


65 




0 175 


0 175 

24 

Iron content 22 7%, concentra- 

20 




0 067 



20 

tion of solution 0 46%, cell 12 









mm thick, 32,400 a p ii , 20 5“, 









45“ aht angle 










a 



< 


m 


cm 

f<r 

u*i 


0 45 
0 42 
0 42 
0 42 
0 11 


The fluid of the upper chamber was removed with a hypodermic needle, 
the chamber rinsed sev eral times to remov e all the material, and the dry 
weight of total fluid of the upper chamber was determmed C? was calcu- 
lated by C = lOOIF/F, where W is the total dry weight and V the factor 


Smce the capacitj of the separation cell was small 75 cc ), two c 
were used at the same tune The second cell was placed m the ho ® 
nuHj occupied by the dummy cell As a rule, tw o cells could not e e 

exactly to the same height and a double pattern was thus observe , u n 
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difficulty ^^as encountered in locating the position of each boundary An 
analysis m as made mth the solution used m the first expenment summanzed 
m Table II Two sedunentation runs were made, each one with two cells, 
and the contents of the upper chambers pooled together The total 
volume of solution was 2 94 cc and the values of Y and W were 0 43 cc 
and 0 00152 gm respectively 

Since the ferntin concentration of the original solution was 1 5 per cent, 
the percentage of free apoferntm in fenitin was then 

10‘IV 15 2 

16T “ 15 X043~ 

As mentioned earher m the paper, the agreement between the two methods 
IS as good as could be expected 

Precision Measurements of Rates of Sedimentation As Illustrated hy Studies 

on Apoferntm 

A few years ago, Lauffer and Stanley (9), m collaboration ivith three 
other laboratories equipped with ultracentnfuges, determmed the probable 
enor m the value of a constant of sedunentation, usmg the fast sedimentmg 
molecule of bushy stunt virus as material Even m a given laboratory, 
vanations m the constant s from run to run were much larger than expected, 
discrepancies as large as 10 per cent bemg observed mth the same material 
No conclusion was drawn as to whether there was some unknown cause of 
error or whether changes had occurred m the material mvestigated The 
question of the accuracy of the ultracentnfuge, as at present used, thus 
remamed open Takmg advantage of the great stabihty of apoferntm m 
solution, the wnter decided to make a study of the rate of sedimentation of 
this protem, with the maximum precision available, as a partial answer to 
this question 

The ultracentnfuge used was that described m earher work (10, 11) 
The mean effective radius of the rotor, i e the distance between the center 
of rotation and the middle of the cell, is 6 5 cm All experiments i\ ere 
earned out under a vacuum of 10“® mm of Hg m the chamber contaming 
the rotor 

The accuracy of the determmation of a rate of sedimentation is limited 
by the sensitivity of the optical arrangement used, by the controls attamed 
m the speed of rotation, and the temperature In the optical measurements 
the Svensson-Phdpot schheren method was used A few determinations 
were also made ivith the scale method of Lamm When the first method 
was used, eight to ten successive exposures were taken on the same plate, 
as this procedure greatly facihtates accurate measurements of the successive 
positions of the boundary The results of a representative experiment can 
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be seen m Fig 2, c The schheren and scale methods gave identical results 
within the hmit of error which was estimated to be ±0 3 per cent 

The speed of rotation was measured with the aid of a Strobotac To 
mcrease the precision, the Strobotac was used on the “hne” connection and 
the frequency of the periodic Sashes was thus equal to the “hne” frequency 
which IS mamtamed constant to high accuracy All nvperunents were 
made at speeds which were multiples of 60 revolutions per second, the 
rotating umt appeanng motionless when its speed of rotation is an met 
multiple of the frequency of the flashes The value of the multiple of the 
60 cycle frequency corresponding to the speed of rotation was detennined 
ivith the Strobotac on the regular scale Two or more successive sub 
multiples of the speed of rotation were measured With these data the 
value of the multiple of the 60 cycle frequency correspondmg to the speed 
of rotation was found It is estimated that the speed was maintained 
constant withm less than 0 1 per cent 

The temperature of the rotor was measured with an accuracy of ±0 05® 

, by an iron constantan thermocouple mounted on a rod which could move 
vertically through an air-tight bearmg, this arrangement permitted tem- 
perature measurements ivithout releasmg the vacuum The temperature 
of the rotor w as taken before and after an experiment by bringing the couple 
m contact with the rotor The mean temperature is the one reported m 
Table III Smee all experiments were made at speeds between 43,200 and 
54,000 B p M , there was an mcrease m temperature of the rotor from 
0 1-1° during a nm, in spite of the fact that the temperature 2 cm above 
the rotor was kept 5-10° lower than that of the rotor itself The tempera- 
ture of the solution was assumed equal to that of the rotor but it may 
possibly have differed from it by a few tenths of a degree This would 
explam the shght vanations m the value of slo which were, however, never 
larger thpn 1 5 per cent from run to run 

The temperature control seems to be at present the hmitmg factor m the 
accuracy of a rate of sedimeatatiou, on account of the large temperature 
coefBcient of the viscosity of aqueous solutions, which is about 2 5 per cent 
per degree 

This study had also the special object of testmg the formula for t e 
variation of the constant of sedimentation wuth the temperature is 
test appeared particularly desirable m view of the fact that it has recen y 
been proposed by Macinnes (6) to adopt 0° as the standard temperatee or 
the measurement of physical properties of protems, especially as e ^ 
phoresis experiments must be made at or near that temperature 
ultraceatnfuge used m this investigation seemed particularly suita e 
such tests, smee it is equipped, as previously described (11), with a ^ 
system permitting measurements of sedimentation rates at constan 
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Table III 


Rale of Sedimentalion of Apofemltn 

The abbreviations in Column 4 stand for the following 0 1 Ac = 0 I m acetate buf- 
fer + 1 per cent NaCl, pH 4 6, iio = 1 0134, So = 1 0160, ijjo => 0 01079, lu = 0 01848 
0 05 Ac = 0 05 M acetate buffer -f- 1 per cent NaCI, pH 4 6, Sjo = 1 0080, So = 1 0106, 
1)10 = 0 01041, Tjt ■= 0 01782 Vor = 0 025 m veronal buffer + 1 per cent NaCl, pH 
7 6, Sjo = 1 0073, )7jo = 0 01031 All densities are based on weights in vacuo 


Eiperiment 

No 

Velocity 

ConcentrauoQ 

Medium 

Temperature 

Si 

o 

(1) 

m 

(3) 

«) 

(5) 

(6) 

(7) 


Horse apoferritm 



RJ^M 

per cent 

per cent 

c 

Svedberg units 

1 

43,200 

0 8 

1 0 NaCl 

22 8 

17 5 

2 

43,200 

0 28 

0 1 Ac 

21 5 

15 8, 

3 

43,200 


0 1“ 

20 7 

15 6 

4 

43,200 


0 1“ 

20 4i 

15 7, 

5 

43,200 

0 28 

0 1“ 

18 5 

14 9 

6 

43,200 

0 28 

0 1“ 

20 9 

15 9 

7 

43,200 

0 28 

0 1“ 

20 6 

16 4, 

8 

43,200 

0 14 

0 1“ 

20 1 

15 6 

9 

43,200 

0 14 

0 1“ 

21 2 

fl5 Sft 

115 8,* 

10 

43,200 

0 14 

0 1“ 

19 5 

15 1 

11 

46,800 

0 07 

0 1“ 

19 5 

15 3, 

12 

43,200 

0 07 

0 1“ 

20 2 5 

15 95 

13 

43,200 

0 28 

0 1“ 

2 4 

9 47 

14 

43,200 

0 28 

0 1“ 

3 8 

9 9i 

15 

50,400 

0 28 

0 1“ 

1 25 

9 1. 

16 

50,400 

0 14 

0 1“ 

2 3 

9 7i 

17 

60,400 

0 14 

0 1“ 

3 I5 

9 8, 

18 

50,400 

0 14 

0 1“ 

1 4 

9 2 

19 

60,400 

0 14 

0 1“ 

1 I5 

9 0, 

20 

64,000 

0 07 

0 1“ 

1 3 

9 3. 

21 

54,000 

0 07 

0 1“ 

1 0 

9 2i 

22 

50,400 

0 07 

0 1“ 

1 8 

9 7. 

23 

43,200 

0 54 

0 05 " 

20 2 

16 1. 

24 

43,200 

0 27 

0 05 “ 

20 I5 

16 2, 

25 

43,200 

1 09 

Ver 

20 5 

IS 7, 

26 

43,200 

0 27 

ft 

20 0 

17 1 

27 

43,200 

0 27 

ft 

20 0 

17 I5 

28 

43,200 

0 11 


21 65 

17 65 

29 

54,000 

0 11 

ft 

2 2 

10 7 

30 

64,000 

0 11 


2 3 

10 6 


Svedberg units 


16 

9 

17 

1 

17 

1. 

17 

4 

17 

1 5 

17 

3 

17 

O 5 

17 

3i 

17 

25 

17 

2.< 

17 

1 

17 

4 

17 

7 

16 

8 

16 

8 

16 

9 

17 

3 

17 

1. 

16 

9 

16 

8 

17 

I 5 

17 

1 

17 

5. 

16 

9. 

17 

I 5 

16 

3 

17 

9. 

18 

0 

17 

9 

17 

9 

17 

7 


Humaa apoferntm 
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Table III — Concluded 


Experiment 

No 

Vcloaty 

Concentration 

Medium j 

Temperature 

51 

0 

‘x, 

(1) 

(2) 

1 

( 3 ) 

w 

( 5 ) 

(6) 

0) 

Dog apoferntin 


RPH 

per cent 

per cent 

c 

Svedberg units 

Stedherg umls 

32 

46,800 

0 n 

0 05 Ac 

20 4 

16 85 

17 7 

33 

43,200 

0 11 

0 05 " 

20 35 

17 1, 

18 0 , 

34 

43,200 

0 11 

0 05 " 

21 2, 

17 I 5 

17 8 

35 

54,000 

0 11 

0 05 “ 

3 Ot 

10 85 

17 8 s 

36 

54,000 

0 11 

0 05 “ 

4 9 

11 3t 

17 8 . 


Horae heavy globulin 


37 

43,200 

0 19 

0 1 Ac 

20 2 

17 7 

19 7 

38 

43,200 

0 19 

0 1 “ 

20 2 

17 6 

19 5s 

39 

54,000 

0 19 

0 1 “ 

2 1 

10 7 

19 1 

40 

50,400 

0 19 

0 1 “ 

2 7 

10 8 

19 0 


• Scale method 


peiatures around 0° The data obtained on apoferritm are outlined m 
Table III It will be noticed in Column 5 of Table III that determmations 
iieie made near 20° and 0° If the molecules are not so small as to require 
the maMmum possible velocity uhen the experiment is carried out at room 
temperatuie, the determination of a late of sedimentation at a loi\er tern 
perature is more accurate The time of the expeiiment can be made the 
same by increasmg the speed and the effect of diffusion is smaller at the 
louei temperature The ad\antage of low temperature is especially 
marked for very ddute solutions The increase of the shaipness of the 
peaks at 0° over those obtained at 20° is u ell illustrated in Fig 2, d and e 
The time in both of these expeiiments was the same The formula used 
for reducing the sedimentation constants, S(, to a standard basis, sjo (" ater 
at 20° being the usual reference solvent), is as follow s 

, v°D (1 — Fip ) 

^ n v~T“i 

m U — rap o) 

Values of rji and pt were deteimmed with an Ostwald viscosimeter and a 
quaitz pycnometer, respectively The variations of Sj between 1 and 20 
are large, about 60 per cent Howevei, it can be seen from Column 6 o 
Table III that the reduction foimula is entirely adequate in the case of og 
apoferritm The same value of Sjo is obtamed whethei sedunentation was 
carried out at 3° or 20° . 

For horse apoferritm there is a small but consistent diffeience, the va u 
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Sjo calculated from e\periments at low temperatures are smaller by about 
1 per cent than the values obtamed at 20° 

On account of the low value found for the asymmetry factor///o = 1 14, 
the sedimentation constant is rather insensitive to change m concentration, 
as can be seen from Columns 3 and 7 of Table III However, the average 
value found for the constant Sjo inth 0 25 per cent solutions is on the average 
smaller by 2 3 per cent than that determined with 0 07 per cent solutions 
The followmg values evtrapolated for zero concentration were obtamed 
from axperiments made mth horse apoferritm at about 20° and at pH 4 6 
sjo = 17 6 Svedberg units, sj = 10 2 Svedberg units The correspondmg 
values obtamed from measurements at about 1° were sSo = 17 4 Svedberg 
units, sj = 10 1 Svedberg units Columns 4 and 7 of Table III mdicate 
that the pH of the solution has only a small effect on the rate of sedunenta- 
tion In veronal buffer at pH 7 6 the constant sjo = 18 0 Svedberg units 
IS shghtly greater than at pH 4 6 

Molecular Weight of Apoferritm — ^For the determmation of the molecular 
weight of a substance its diffusion constant and specific volume are needed 
as well as the sedimentation constant 
Diffusion measurements were carried out at 1° m the Tisehus apparatus, 
as already described (10, 11) Measurements were made mth a 0 565 per 
cent solution m 0 05 st sodium acetate buffer and 1 per cent sodium chloride 
at pH 4 6 The diffusion constant was calculated from the relation D = 

, where s is the diffusion area in sq cm , t the tune m seconds, 
and Hniii the maximum height of the curve m cm The patterns of both 
arms of the cell were studied for the computation When values of l/H- 
were plotted against time, good straight lines were obtamed The value 
found for the tangent (l/H^ X l/l) vas 1 298 X 10"* for the boundar}^ of 
one arm and 1 SO* X 10^ for the other The areas under the curves v ere 
found constant, the average value of eleven patterns being 1 38 sq cm for 
one boundary and 1 34 sq cm for the other The average value of 1 36 
sq cm was chosen for computation Thus the diffusion coefficient D at 
1° equals 1 91 X 10“’’ The value of the diffusion constant Djo (m water 
at 20°) is found from the relation 

D?0 = A^ = 361X10-’ 

m which 7 j IS the viscosity Another diffusion experiment on a different 
sample of apoferritm made at 1° in a 0 1 m sodium acetate buffer and 1 per 
cent sodium chlonde at pH 4 6 gave D 20 = 3 5 X 10~^ This i alue is, 
however, considered to be less accurate, since the experimental contro a 
were not as complete 

The specific volume of apoferiitm was calculated from accurate e er 
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mination of the density of solutions of known concentration To insure 
adequate precision, measurements were made in a quartz pycnometer of 
about 30 cc capacity The following values of the density, 5, were found 
for a dialyzed solution of apoferiitin containing 0 0113 gm of protein per 
cc 

= 1 001006, 1 001122, and 1 00110, Si = 1 00293 (based on weights 
m vacuo and 620 w'ater = 0 99823) 

The calculated average values Vto — 0 747 and VI = 0 738 were chosen 
for computation The value 0 747 is in close agreement ivith the value 
0 749 given for proteins by Svedberg (S\ edberg’s measurements were not 
extended below 16° but by applymg his temperature coefficient an extra- 
polated value of yj = 0 739 is obtained ) The molecular weight was 
calculated from the usual formula 


il 


RTa 

D{1 - Vp) 


Two sets of values may be chosen for a, D, V, and p, eithei s^o, -D20, ySo, and 
P?o or 5j, Di, yj, and pi 

The following values were calculated. 


and 


M 


8 31 X 293 X 17 6 X 10 
3 61(1 -0 747 X 0 9982) 


= 467,000 


M = 


8 31 X 274 X 9 85 X 10 ^ 
191(1-0 738X 1 0106) 


from data obtamed at 20° and 1°, respectively It is gratifymg to find that 
the value found for the molecular weight is the same whether calculated 
from measurements at room temperature or near 0°, especially if it is con- 
sidered that constants of sedimentation are about 60 per cent larger at 
room temperature than at 0° The asymmetry factor calculated from sjo 
and D20 was found to hef/fo — 1 14, thus showing that the molecule is not 
very asymmetnc On the basis of Pernn’s formula the axis ratio is 
about 3 


I wish to thank Dr D A Macinnes for helpful suggestions m the prep 
aration of this article 


SUAIMART 

Pemtm, a crystallized protem with 20 per cent iron, and apoferritm, a 
crystalhzed iron-free protem obtamed from ferritm, were mvestiga in 
the ultracentnfuge It was found that ferntm is not a 
species but consists of a mixture of a complex of apoferntin-iron y o 
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and about 25 per cent free apoferritin The mass of these comple\ particles 
IS not uniform However, apoferritin is a very homogeneous protein A 
study of the sedimentation late of apoferiitin obtained with all the precision 
now available show ed that the sedimentation constant of apoferritin is s% 
= 17 6 Svedbeig units This value is significantly lower than that found 
for the normal heavy globulin of home serum which has a sedimentation 
constant slo = 19 5 Svedberg units The molecular weight of apoferritin, 
whether obtained from measurements at 1° or at room temperatuie, was 
found equal to 465,000 The asymmetiy factor is ///o = 1 14, shoivmg that 
the molecule has an asj nunetiy of the same order as egg albumm The 
sedimentation constants of horse and human apoferritin are identical, that 
of dog apoferritin is 3 per cent greater 
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LETTERS TO THE EDITORS 


SEPAEATION OF CYTOCHROME OXIDASE INTO TWO 
COMPONENTS 

Sirs 

An ultracentrifugal study of cytochrome ovidase prepared accordmg 
to the new procedure’ seemed to mdicate the participation of two com- 
ponents in the enzymatic oxidation of cytochrome c by molecular oxygen 
The ti\ o components differ markedly m their heat stabihty Component I 
loses 80 per cent of its activity m 15 mmutes at 50°, while Component II 
may be kept for the same length of time in boihng \v ater without loss of 
activity Component I is prepared by centrifugation of the diluted 
oxidase’ for 2 hours at 10,000 n p M The sedmient contains an excess of 
Component I together with a small quantity of Component II No 
further purification of Component I has as yet been attempted Smce 
the component is insoluble, it may be anticipated that ultrasonic dis- 
integration will be the first step required Component II is obtamed by 
mcubatmg undiluted oxidase in boihng nater for about 3 mmutes The 
great bulk of heat-denaturated protem is separated by centrifugation, 
washed ivith ammonium bufier of pH 9, and discarded The supernatant 
solution combmed with the wash liquid contains Component II Alter 
centrifugation for 2 hours at 10,000 g a water-clear, shghtly yellow solution 
IS obtamed, which contams 72 per cent of the origmal activity Despite its 
unusual heat stability Component II also seems to be a protem It is 
precipitated by ammonium sulfate, is not dialyzable, and no loss of actiiuty 
was caused by dialysis for 15 hours at 0° agamst 0 004 m pyrophosphate o 
pH 7 9 Separation of the two components affects their stability to a 
great extent Component II m ammonium buffer of pH 9 loses 40 per 
cent of its activity upon standing overnight at 0°, while the unspht oxi ase 
under similar conditions lemams unchanged for several weeks T e two 
components herem described are required for the oxidation of cytochrome c 
by molecular oxygen They are not identical with the activatmg prmwp e 
discovered by Stern and Mehuck," w’hich seems to plav a r61e in Ae re uc 
tion of cytochrome c by succmate ^ The enzymatic activity of t e unsp i 
oxidase and of the separated and of the recombmed componente m 
ferrmg molecular oxygen to cytochrome c is demonstrated m t e ta e 

’Haas, E , J Biol Chem , 148, 481 (1943) 

’ Stern, K G , and Melnick, J L , IValure, 144, 330 (1939) 

• Straub, F B , Z phyaiol Chem , 272, 219 (1942) 
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Temperature 25®, gas phase, air 2 5 ml of 0 05 Jx phosphate buffer of pH 7 1 
+ 1 0 mg of cytochrome c + 3 0 mg of hydroquinone 



Experiment 1 j 

Expeninent 2 

Experiment 3 

Expenment i 


0 10 mU unspUt oxidase 1 

_ 1 

0 10 ml Component I 

0 20 ml Component H 

0 10 mk Component I 

0 J 20 ^ n 


Oxygen uptake 

tTtin 

c mm 

c mm 

c.mm 

e mm 

15 

68 

; 15 

0 

1 66 


The small oxygen uptake m Experiment 2 is probably due to the con- 
tammation of Component I unth a small amount of Component II A 
comparison of Experiments 1 and 4 mdicates that the recombmed com- 
ponents represent a considerable fraction of the origmal activity The 
fact that two components are required for the reaction between molecular 
oxygen and cytochrome c suggests that Warburg’s oxygen-transfemng 
enzyme and cytochrome oxidase are not identical but represent two 
mdmdual enzymes 

Department of Chemistry Ebwik Hms 

University of Chicago 
Chicago 
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ascorbic acid and ascorbic acid, plant 
tissue, determination, use Roe and 
Oeaierling, 511 

Phosphatase Blood scrum, liver damage, 
cyamde, fluondc, and magnesium, 
effect. Drill, Annegera, and Ivy, 339 


Metabolism, Bailey and Roe, 



INDEX 


708 
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